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WASTE Mmmemamrg WASTE MANMAGERIENT
OF ILRIRODIS

601 Madison Road
E. St. Louis, [L 62201

(618) 271-6788
September 22, 2014 (618) 271-1227 Fax

Mr. Ray Pilapil, Manager

Illinois Environmental Protection Agency
Bureau of Air — Permit Section

1021 North Grand Avenue East
Springfield, [llinois 62794

Cottonwood Hills Recyeling & Disposal Facility - Source ID No. 163075AAL
Additional Information to CAAPP Renewal Application (Revised NSPS Design Plan)

Dear Mr. Pilapil:

This letter and its attachments have been prepared as Additional Information to the Clean
Air Act Permit Program (CAAPP) Renewal Application submitted for Agency approval on
January 23, 2007 for the Cottonwood Hills Recycling & Disposal Facility (RDF) located in
Marissa, Illinois. The IEPA (via email dated September 4, 2014) requested the facility to
revise the original NSPS Design Plan. Revisions were to include the most current gas
collection and control system as-built drawings and removal of all alternative requests that
have not been previously approved by USEPA at other landfills.

Since the CAAPP permit is currently open due to a pending renewal. a CAAPP Form 505
is provided in lieu of a CAAPP Form 200.

If you have any questions regarding this submittal or need additional information. please
contact me at (314) 568-2025.

Sincerely,
Waste Management of Illinois, Inc.

Lo // / Ul

Ernest H. Dennison, P.E.
District Engineer
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ILLINOIS ENVIRONMENTAL PROTECTION AGENCY
DIVISION OF AIR PCLLUTION CONTROL -- PERMIT SECTION
P.C. BOX 19506
SPRINGFIELD, ILLINOIS 62794-9506

FOR APPLICANT'S USE

Date:
Page

Revision #:

of

Scurce Designation:

- FOR AGENCY UJSE ONLY
SUPPLEMENT TO CAAPP 10 NUMBER:
APPLICATION PERWITF
DATE:

THIS FORM SHALL ACCOMPANY ANY SUPPLEMENT TO A CAAPP APPLICATION, THAT IS, ANY SUBMITTAL OF NEW OR

CORRECTED INFORMATION FOR A PENDING CAAPP APPLICATION.

SQURCE INFORMATION

1) SOURCE NAME:

Cottonwood Hills Recycling & Disposal Facility

2) DATE FORM 3} SOURCE ID NO.
PREPARED; {IF KNOWN):
September 2014 163075AAL

SUPPLEMENT INFORMATION

4} DOES THIS SUPPLEMENT PROVIDE ADDITIONAL INFORMATION?

IF YES, COMPLETE THE FOLLOWING:

Yes

No

NUMBER OF NEW PAGES iN THIS SUPPLEMENT: See Below

EMISSION UNIT, EQUIPMENT, OR SUBJECT
THAT THIS SUPPLEMENT ADDRESSES

UNIT

DESIGNATION | NEW PAGE #(S)

Form 505 ~ Supplement to CAAPP Application

N/A

505-1 & 505-2

Updated NSPS Landfitl Gas Collection and Control System Design Plan

MSW Landfilt

THIS AGENCY IS AUTHORIZED TO REQUIRE THIS INFORMATION UNDER ILLINGIS REVISED STATUTES, 1954, AS AMENDED 1882,

CHAPTER 111 1/2, PAR. 1039.5. DISCLOSURE OF THIS INFORMATION IS REQUIRED UNDER THAT SECTION. FAILURE TO 0O 50 MAY
PREVENT THIS FORM FROM BEING PROCESSED AND COULD RESULT N THE APPLICATION BEING DENIED. THIS FORM HAS BEEN

APPROVED BY THE FORMS MANAGEMENT CENTER.

APPLICATION PAGE

FOR APPLICANT'S USE

Printed on Recycled Paper
505-CAAPP

Page 1 of 2
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5) DOES THIS SUPPLEMENT CORRECT PREVIQUSLY SUBMITTED INFORMATION?

iF YES, COMPLETE THE FOLLOWING:

Yes © No

NUMBER OF REVISED PAGES IN THE SUPPLEMENT.

EMISSION UNIT, EQUIPMENT, OR SUBJECT UNIT
THAT THIS SUPPLEMENT ARDRESSES DESIGNATION | OLD PAGE #(S) | NEW PAGE #(S)
SIGNATURE BLOCK

8) | CERTIFY UNDER PENALTY OF LAW THAT, BASED ON INFORMATION AND BELIEF FORMED AFTER REASONABLE

INQUIRY, THE STATEMENTS AND INFORMATION CONTAINED IN THIS APPLICATION, AS AMENDED BY THIS
SUPPLEMENT, ARE TRUE, ACCURATE AND COMPLETE.

AUTHORIZED SIGNATURE:

BY:

—FZr7
s /%‘// /.é/ﬁ'ZM/JW\N

District Engineer

AUTHORIZED SIGNATURE TITLE OF SIGNATORY
Ernest Dennison c? ! Z ! /4:
TYPED OR PRINTED NAME OF SIGNATCORY DATE
APPLICATION PAGE
Printed on Recycled Paper
505-CAAPP Page 2 of 2
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FOR APPLICANT'S USE

ILLINOIS ENVIRONMENTAL PROTECTION AGENCY Revision #
DIVISION OF AIR POLLUTION CONTROL - PERMIT SECTION | Date: / {
P.0. BOX 109506 Page o

SPRINGFIELD, [LLINDIS 62794-0506 Sourca Designation:

- “FOR AGENGY USE ONLY
D NUMBER: ' '
DELEGATION OF AUTHORITY
FCR RESPONSIBLE OFFICIAL PERMIT #:
TO A REPRESENTATIVE
DATE:

THIS FORM SHALL BE USED BY A RESPONSIBLE OFEICIAL TO BELEGATE AUTHORITY TO A REPRESENTATIVE OF
SUCH PERSON FOR SIGNATURE ON APPLICATIONS OR CERTIFICATION OF REPORTS TO BE SUBMITTED PURSUANT
TO THE CLEAN AIR ACT.

THIS FORM SHALL ONLY BE USED FOR A CORPORATION AT WHICH A PRESIDENT, SECRETARY, TREASURER, OR
VICE-PRESIDENT OF THE CORPORATION IN CHARGE OF BUSINESS FUNCTION, OR ANY OTHER PERSCON WHO
PERFORMS SIMILAR POLICY OR DECISION MAKING FUNCTIONS FOR THE CORPORATION TO TRANSFER THE
AUTHORITY AS A RESPONSIBLE OFFIGIAL TO A REPRESENTATIVE OF SUCH PERSON. THE REPRESENTATIVE OF
SUCH PERSON MUST BE RESPONSIBLE FOR THE OVERALL OPERATION OF ONE OR MORE MANUFACTURING,
PRODUCTICN, OR OPERATING FACILITIES APPLYING FOR OR SUBJECT TO A PERMIT,

NOTE: THIS TRANSFER OF DELEGATION OF AUTHORITY IS APPLICABLE ONLY IF THE FACILITY EMPLOYS MORE THAN

250 PERSONS OR HAS A GROSS ANNUAL SALES OR EXPENDITURES EXCEEDING $25 MILLION (IN SECOND QUARTER
1680 DOLLARS).

SOURCE INFORMATION
1y SODURCE NAME: ] i N
Cottenwood Hills Recycling and Disposal Facility
2) GATE FORM 3) SOURCE 1D NO.
PREPARED: 213114 (IF KNOWN}: 163075AAL
TRANSFER OF AUTHORITY

4) 1, THE UNDERSIGNED, BEING A PRESIDENT, SECRETARY, TREASURER, OR VICE-PRESIDENT OF THE
CORPORATION IN CHARGE OF BUSINESS FUNGTION, OR OTHER PERSON WHO PERFORMS SIMILAR POLICY OR
DECISION MAKING FUNGTIONS FOR THE CORPORATION, HEREBY TRANSFER THE AUTHORITY AS A
RESPONSIBLE GFFiciaL To _ Efnest H Dennison , THEY BEING A REPRESENTATIVE AND
RESPONSIBLE FOR THE OVERALL OPERATION OF ONE OR MORE MANUFACTURING, PRODUCTION, OR
OPERATING ﬂ\cn_m ES APPLYING FOR OR SUBJECT TO A PERMIT.

/ . \M(/J W‘ Vice President and Asslstant Secretary

AUTFORIZED SIGNATURE TITLE OF SIGNATORY
Dennis M. Wilt 2 ;3 ;14
TYPED OR PRINTED NAME OF SIGNATORY DATE
Ermest H Dennison District Engineer
SELEGATED REPRESENTATIVE TITLE OF DESIGNATED REPRESENTATIVE

THIS AGENCY 1S AUTHORIZED TO REQUIRE THIS INFORMATION UNDER ILLINGIS REVISED STATUTES, 1991, AS AMENDED 18382,
CHAPTER 111 1/2, PAR. 10395, {MSCLOSURE OF THIS INFORMATION |5 REQUIRED UNDER THAT SECTION, FAILURE TO DG SO MAY
PREVENT THIS FORM FROM BEING PROCESSED AND COULD RESULT IN THE APPLICATION BEING DENIED. THLS FORM HAS BEEN
APPROVED BY THE FORMS MANAGEMENT CENTER,

FOR APPLICANT'S USE

APPLICATION PAGE

Frinted on Recycled Paper
500-CAAPP Page 1 of 1
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Revised NSPS Collection and
Control System Design Plan
For Cottonwood Hills RDF

Source 1.D. No. 163075AAL
CAAPP Permit No. 01040051

Marissa, Illinois

Prepared in Accordance with
40 CFR 60 Subpart WWW

September 2014

Prepared By:
Environmental Information Logistics, LLC

130 E. Main Street
Caledonia, Michigan 49316
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Cottonwood Hills RDF

Landfill Gas Management System
Revised Collection and Control System Design Plan
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SECTION I

INTRODUCTION AND GENERAL SITE
CHARACTERISTICS
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Cottonwood Hills RDF
Landfill Gas Marnagement System
Revised Collection and Control System Design Plan

INTRODUCTION AND GENERAL SITE CHARACTERISTICS

Applicability

The Cottonwood Hills Recycling and Disposal Facility began accepting waste in November, 2000.
The landfill has a design capacity of 39,448,850 bank cubic yards. This is greater than 2,500,000
cubic meters. Therefore, the landfill is therefore subject to the New Source Performance Standards
(NSPS) for municipal solid waste landfills, promulgated March 12, 1996,

For several years, the facility was able to demonstrate NMOC emissions of less than 50 Mg/year
using the results of Tier 2 testing. The facility exceeded the 50 Mg/year NMOC emissions rate in
2007 (as provided in the annual NMOC rate report dated June 1, 2007). The site was therefore
required 1o submit a collection and control system design plan to the Administrator (i.e., the IEPA)
for approval within one year of submittal of the NMOC emissions calculations showing emissions
greater than 50 Mg/year. The original NSPS Design Plan was submitted to IEPA on May 27, 2008.

In September 2014, the IEPA required the facility to revise the original NSPS Design Plan.
Revisions were to include the most current gas collection and control system as-built drawings and

removal of all alternative requests that have not been previously approved by USEPA at other
landfills.

The submittal of this revised document fulfills the requirement for the facility to prepare a collection
and control system design plan in accordance with 40 CFR 60.752(b)(2). The design plan outlines
the methodology employed to design a landfill gas management system that will collect and dispose
of the landfill gas generated in the entire permitted landfill at final grades.

As-built drawings of the currently installed gas collection system are provided in Appendix A, as
well as the design for the future gas collection system. In addition, the facility’s proposed methods
for complying with the monitoring record keeping and reporting requirements of the NSPS, and
alternatives the site plans to implement that have been previously approved by USEPA at other
landfills, are presented in Section III of the plan. A surface monitoring plan is also presented.

Since the Cottonwood Hills RDF operates under a Clean Air Act Permit, this design plan is
presented in the format of additional information to the CAAPP renewal application, which was
submitted to IEPA on January 25, 2007.

This NSPS required collection and control system design plan is based on the final grades of the
active solid waste landfill. The Cottonwood Hills RDF is currently at interim grades. The evolution
of the collection and control system as the landfill is filled will ultimately produce the design
specified in this plan. Until the landfill has attained its permitted final grades, the collection and
control of landfill gas pursuant to the NSPS may be accomplished using methods not specifically
included as part of the final design (i.e. horizontal gas collection trenches, collection from leachate
sumps and risers, eic.). However, once the facility has reached the final permitted grades, the
collection and control system will meet the criteria specified within this design plan.

B-1 i September 204
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Clottonwood Hills RDF
Landfill Gas Management System
Revised Collection and Control System Design Plan

The NSPS requires that several additional items be addressed in the design plan, such as depths of
refuse, cover properties, compatibility with filling operations, integration with closure end use, and
minimization of off-site migration. These items are discussed in this section, since they are not
referenced in other areas of the design plan.

Site Background

The Cottonwood Hills RDF is located in St. Clair County, linois. The facility began accepting
waste in November, 2000. The waste footprint is 203 acres in size, of which approximately 63 acres
have been constructed and approximately 24 acres have been final covered. The facility is projected
to close approximately in the year 2065. However, the actual closure date will depend on refuse
acceptance rates.

Summary of Current and Proposed Landfill Gas Controls

The Cottonwood Hills RDF has a gas collection system in place that consists of 22 vertical gas
extraction wells. Collected gas is sent to an open flare for combustion.

Once the facility has reached its permitted final grades and is closed, the gas collection system will
ultimately consist of 79 vertical gas extraction wells and associated header piping. Gas will continue

to be sent to an open flare for combustion, unless it is used beneficially for energy recovery,

Gas Well Decommissioning

The following steps will be initiated for decommissioning a well:

e Obtain Agency approval for the permanent decommissioning via submittal of a Minor
Modification to the CAAPP permit (effective as of the date of filing).

e Disconnection of well from collection system (removal of flex hose, capping of header
lateral, etc.). Once disconnected, monthly welihead monitoring will not be performed on the
well.

o Physical abandonment (cut off wellhead below ground, cap and backfill). Physical
abandonment may not be performed immediately following well disconnection. Timing of
the physical abandonment of the well will depend on weather conditions or the potential for
the well to recover sufficient gas flows.

GCCS Design Changes:

Installation of GCCS components is anticipated to coincide with stages of fill development and
NSPS regulations regarding installation of GCCS components stipulated in §60.752(b)(2)(i1)(A)(2).
The GCCS design presented in this Design Plan may be altered slightly to accommodate actual field
conditions at the time of construction, but will stili meet the operational provisions of the NSPS.

£-2 September 2014
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Cottonwood Hills RDF
Landfill Gas Management System
Revised Collection and Control System Design Plan

Installation and Startup of New Gas Wells:

New gas extraction wells will be installed as required by §60.753(a)(1) to ensure that landfili gas is
being collected from each area, cell or group of cells in the landfill in which solid waste has been in
place for 5 years or more if active or 2 years or more if closed or at final grades. The gas collection
well field will need to be “tuned” once new gas extraction wells are installed to return the systemto a
state of equilibrium. Adjustments will be made to the vacuum being applied to the new gas
extraction well and other nearby wells.

Landfill Unit/Area Exclusions:

No areas of the landfill have been excluded from coverage of the GCCS in accordance with
60.759(a)(3)(i) as a result of asbestos placement, or the placement of non-degradable material. In
addition, no areas of the landfill were determined to be non-productive (i.e., contribute <1 percent of
the total amount of NMOC emissions from the landfill) in accordance with 60.759(a)3)(ii);
therefore, no areas of the landfill have been excluded from coverage of the GCCS.

Depths of Refuse

Depths of refuse at the Cottonwood Hills RDF range from approximately S0 feet to 200 feet.

Cover Properties

Final cover at the Cottonwood Hills RDF is currently expected to consist of the following (from
the top of the final cover down):

» 30 inches of protective cover soil
* 36 inches of low permeability, compacted soil

Landfilli Gas Contro} System Expandability

Expandability of the GCCS is achieved by installing blind flanges along the transmission piping,
which allows the LFG transmission piping to be easily expanded in the future. In the event that
actual LFG flow rates do exceed the capacity of the system, additional GCCS components will be
designed and installed in accordance with NSPS requirements.

Leachate/Condensate Management

Condensate from the gas collection system is co-mingled with the landfill leachate for disposal. The
facility disposes of landfill liquids at the Village of Marissa POTW,

-3 ' September 2014
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Cottonwood Hills RDF
Landfill Gas Management System
Revised Collection and Control System Design Plan

Compatibility with Filline Operations

(as extraction wells will be installed within 60 days of the date in which the initial solid waste has
been in place for a period of 5 years or more if active or 2 years or more if closed or at final grade.
Methods for gas collection may include vertical gas extraction wells, extraction from the leachate
collection system, horizontal trenches, passive vents or flares, etc. The methods selected for each
area will take into account the stage of filling operations occurring in the area, in order to minimize
damage to the collection system from landfill traffic.

As refuse filling operations proceed and portions of the site reach final or near-final grades,
additional GCCS components will be installed. Using this method allows GCCS components to be
installed in accordance with §60.752(b)(2)(i1)(A}2)(i) and (ii) while minimizing interference of the
GCCS with ongoing filling operations.

Accessibility

Accessibility to the GCCS components is achieved by installing commonly accessed components
(such as wellheads, monitoring ports, etc.) on relatively flat surfaces of the landfill or near the
landfill’s road network. Since the GCCS will be predominately installed below grade, valves and
monitoring ports will be installed above grade, or within vaults, to increase their accessibility.,

Integration with Closure End Use

Future land use for the Cottonwood Hills RDF will be determined upon closure of the facility. The
end use plan shall comply with IEPA regulations and shall not disturb the integrity of the gas control
system, final cover system, or any other components of the containment or monitoring system.

Air Intrusion Control

Air intrusion and LFG emissions will be controlled through periodic monitoring and adjustment of
the GCCS in coordination with appropriate maintenance of the landfill cover system. Further, air
intrusion control will be accomplished through monitoring of the operational monitoring standards
for the LFG collection elements in accordance with NSPS requirements. If the GCCS does not meet
the operational monitoring standards, it will be adjusted or modified in accordance with NSPS
requirements

Corrosion Resistance

Corrosion resistance of the GCCS is achieved through the use of corrosion resistant materials or
materials that have a corrosion resistant coating, in accordance with 40 CFR§60.759(b)(1). The
primary components used in the construction of the GCCS are HDPE and PVC piping or other non-
porous corrosion resistant material.

[-4 ' September 2 074
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Cottonwood Hills RDF
Landfill Gas Management System
Revised Collection and Control System Design Plan

Fill Settlement

Settlement will occur due to decomposition of the refuse. To accommodate refuse settlement, the
GCCS components were designed and installed with several features to account for this settlement
including:

¢ LFG extraction wellheads connected to the LFG transmission piping via a flexible pipe or
hose connection. This allows the LFG piping to accommodate changes in the orientation of
the LFG transmission piping or LFG extraction well.

e LFG transmission piping was sloped at sufficient grades so that reasonable amounts of
differential and total settlement may occur without causing pipe breakage, or disrupting the
overall flow gradient of the LFG transmission piping.

» HDPE piping will be used for the construction of the header piping and transmission system.
HDPE piping is flexible and absorbs differential settlement without breaking or cracking.

Resistance to Decomposition Heat

Resistance of the GCCS to the heat generated as a result of refuse decomposition was achieved
through the use of materials tested and proven to withstand temperatures well above those typically
found in landfills. Landfill gas temperature will be monitored periodicaily in accordance with
operational monitoring standards for the LFG collection elements as required by NSPS. The GCCS
will be adjusted or modified to mitigate potential affects of elevated temperatures when warranted,

Minimization of Off-Site Mioration

The installation and operation of an active gas recovery system causes an inward pressure gradient at
the landfill, which will serve to minimize off-site migration of landfill gas. The facility performs
perimeter gas monitoring in accordance with IEPA regulations. This monitoring will help to
measure the effectiveness of the gas collection system at minimizing off-site migration.

£-5 o September 2014
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SECTION II

ENGINEERING CALCULATIONS
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Cortorwood Hills RDF
Landfill Gas Management System
Revised Collection and Control System Design Plan

CALCULATION OF MAXIMUM GAS FLOW RATE

INTRODUCTION

The NSPS states that “gas mover equipment... be sized to handle the maximum gas generation flow
rate expected over the intended use period of the gas moving equipment” (40 CFR 60.759ch. A
calculation to estimate this maximum gas generation flow rate must be performed in accordance with
40 CFR 60.755(a)(1). The following equation was utilized for calculating the maximum gas flow
rate for the Cottonwood Hills RDF:

i
Q.’\J = Z 2k Ly M, (94“"}

t

Where: Qn = maximum expected gas generation flow rate, cubic meters per year
k = methane generation rate constant, year !
Lo = methane generation potential, cubic meters per megagram solid waste
M = mass of solid waste in the i section, megagrams
; = age of the i" section, years

The NSPS states that the k and L, kinetic factors should be those published in the most recent
compilation of Air Pollutant Emission Factors (AP-42) or other site specific values demonstrated to
be appropriate and approved by the Administrator.

Itis requested that the facility be permitted to use kinetic factors from a database compiled by Waste
Management in the calculation of the maximum gas flow rate. The database contains gas generation
rates measured at over two dozen Waste Management MSW landfills during gas extraction tests
conducted in the 1980s. The landfills were sited across varying geographical regions of the United
States in order to assess the effect of location and climate on gas generation rates. Data on these
pump tests was provided to the EPA’s Office of Air Quality Planning and Standards in 1988 and
1989 as background information for the development of the NSPS. The gas extraction tests
conducted in the 1980s are very similar to the Tier III testing described in the NSPS.

A summary of the database is provided in Table 1. The selection of appropriate kinetic factors for
the facility is discussed in the next subsection.

SELECTION OF EQUATION PARAMETERS

Methane Generation Rate Constant k:
In lieu of conducting Tier 3 testing at the facility, the database of gas generation rates measured at

several landfills was utilized to select a k value (generation rate constant) suitable to the Cottonwood
Hills RDF.

T September 2014
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Cottonwood Hills RDF
Landfill Gas Management System
Revised Collection and Control System Design Plan

Several characteristics of the site were compared to the landfil] records in the database. Since the
site is located in the midwestern United States, only sites of similar refuse voiume capacity and
waste stream characterization which have comparable precipitation amounts were utilized in the
comparison. It is assumed that the methanogenic process is mesophilic with microbial activity
generating landfill gas temperatures less than 100 degrees Fahrenheit. The type of microbial
environment has an impact on design considerations as well as determining an appropriate gas
generation rate.

Landfills that exhibit mesophilic characteristics have a slightly lower gas generation rate than the
average thermophilic landfill environment. However, the lower gas generation rate noted at
mesophilic sites is less related to the type of bacteria as compared to other factors, such as the types
of waste, lack of addition of wastewater sludge, and the quantity of rainfall and liquids in the landfiil.
A gas generation rate of 0.105 cubic feet per pound of refuse per year most closely approximates
the rate which is anticipated for the Cottonwood Hills RDF.

In order to convert the gas generation rate to the methane generation rate constant k, the gas generate
rate is divided by the theoretical landfill gas yield per pound of refuse (as discussed in the next

subsection). This results in a k value of 0.0233 year™.

Methane Generation Potential L,

The next input into the gas flow rate equation is the theoretical maximum yield (expected volume of
gas per unit mass of refuse). Determining the maximum theoretical yield of a unit mass of municipal
solid waste is a difficult task. Either of two methods can be used: (1) stoichiometric, or
(2) biodegradability, but both methods require extensive sampling, time-consuming lab analyses, and
difficult analytical procedures. Both methods are also heavily dependent on obtaining a
characteristic sample of the waste stream.

Most samples, however, are small in size relative to the composite waste stream and often are not
very characteristic of the biodegradability of the waste. In an evaluation of this nature, it is not
practical to place much emphasis on characterizing the organic fraction of the waste stream unless
large samples are collected.

Based on past experience, which included an extensive literature review and a review of data
available on the typical United States waste stream, a theoretical yield of 4.5 cubic feet per pound
of refuse was derived for the facility. This value closely approximates observed landfill gas
production in sites of similar characteristics.

In order to utilize theoretical yield (or “methane generation potential”) in the gas generation
equation, the value must be reported in terms of cubic meters of methane per megagram of solid
waste rather than cubic feet of landfill gas per pound of refuse. After converting from English to
metric units, and assuming that approximately 50 percent of landfill gas is comprised of methane, an
L, value of 139.6 m’ methane/megagram solid waste was derived.

11-2 September 2014
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Cottonwood Hills RDF
Landfill Gas Management System
Revised Collection and Control System Design Plan

Mass of Solid Waste M;;

The gas production volumes for the Cottonwood Hills RDF are based on actual gate receipts from
2000 to 2013, and future gate receipts from 2014 to the projected closure date of 2065.

This data forms the foundation of the gas volume projection and is subject to change over the active
lifetime of the landfill. It also implies that the gas volume projection will vary accordingly. This
variability does not pose a problem with gas management system design. The gas management
system design at the facility is based on the expected gas production from the planned volumetric
space of the landfill. Therefore, even though gas volumes may fluctuate over a period of time
because of varying disposal rates, the ultimate total volume of gas projected for the site will remain
constant and the gas collection system components will be sized accordingly.

It is anticipated that the projected future annual waste receipts at the Cottonwood Hilis RDF will be
approximately 500,000 tons/year for the facility. Refuse intake data is provided in Table 2.

Age of the i section”, 1,

This age is automatically calculated with each iteration of the EPA model.
CALCULATION OF MAXIMUM GENERATION RATE

The EPA has simplified the gas generation rate calculation by providing an Excel-based program to
the public. Therefore, the EPA’s Landfill Air Emissions Estimation Model was utilized to predict
maximum landfill gas generation volumes. The model output provides an estimation of total gas
production volume.

Based on the model output provided in Attachment 1. the following maximum gas generation flow
rate was estimated for the year 2065 for the Cottonwood Hills RDF:

Total LFG Production = 9.707 x 10" m*/year
= 6,522 ft’/min

113 September 2014
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Cottonwood Hills RDF

Landfill Gas Management System

Revised Collection and Control System Design Plan

TABLE 1: Database of Landfill Gas Generation Rates

Site 1D State Measured Gas Generation Rate Corresponding “k” Value
(f/1b/yr) (L/yry*
A Pennsytvania 130 029
B Wisconsin 126 028
C Wisconsin 079 018
D Ohio 116 026
E Michigan 12 .025
F [iinois 130 .029
G Colorado 06 013
H Florida 172 038
I New Jersey 085 .019
J New Jersey 098 .022
K New York 147 .033
L Texas 112 025
M Colorado 085 .01g
N Connecticug 139 .035
O Pennsylvania 042 009
P Hlinois 124 028
Q California 083 018
R Hifnois 142 032
S Texas 095 021
T Kentucky (108 024
8] California 065 014
Vv Maryland 063 014
\'4 New York 094 021
X Ohio 089 02
Y Ohio 096 021
z Chio 082 018
AA Massachusetts 104 023
BB Ohio 067 013
cC New Hampshire 102 023
DD Hlinois 085 019
EE California 109 024
FF Iitinois 075 017

o k values were caleulated by dividing the gas generation rate by the theoretical maxinusm gas production of 4.5 £ landfili gas/ib of

refuse.

-4
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Cottonwood Hills RDF
Landfill Gas Management System

Revised Collection and Control System Design Plan

TABLE 2: Refuse Intake Volumes

Year Waste A'c'cepted Waste-In-Place
{Mg/year) {short tons/vear) (Mg) {short tons)
2000 3,836 4,220 0 0
2001 259,005 284,906 3,836 4,220
2002 285,045 313,550 262,842 289,126 |
2003 348,385 383,223 547,887 602,676 |
2004 391,981 431,179 896,272 985,899
20035 408,196 449,016 1,288,233 1,417,078
2006 504,697 555,167 1,696,449 £,866,094
2007 436,431 480,074 2,201,146 2,421,261
2008 362,142 398,356 2,637,577 2,901,335
2009 450,445 495,490 2,999,719 3,299,691
2010 420,734 462,807 3,450,164 3,795,181
2011 466,614 513,275 3,870,808 4,257,988
2012 462,640 508,904 4,337,512 4,771,263
- 2013 412,982 454,280 4,800,152 5,280,167
2014 454,545 500,000 5,213,134 5,734,447
20135 454,545 500,000 5,667,679 6,234,447
2016 454,543 500,000 6,122,225 6,734,447
2017 454,545 500,000 6,576,770 7,234,447
2018 454,545 500,000 7,031,316 7,734,447
2019 454,545 500,000 7,485,861 8,234,447
2020 454,343 500,000 7,940,407 8,734,447 |
2021 454,545 500,000 §,394,952 9,234,447 |
2022 454,545 500,000 8,849 498 9,734,447
2023 454,545 500,000 9,304,043 10,234 447
2024 454,545 500,000 0.758,588 10,734,447
2025 454,545 500,000 10,213,134 11,234,447
2026 454,545 500,000 10,667,679 11,734,447
2027 454,545 500,000 11,122,225 12,234,447
2028 454,545 500,000 11,576,770 12,734,447
b 2026 454,545 500,000 12,031,316 13,234 447
| 2030 454,545 500,000 12,485,861 13,734,447
2031 454 543 500,000 12,940,407 14,234,447
2032 454,545 500,000 13,394,952 14,734,447
2033 454,545 500,000 13,849 498 15,234,447
2034 454,545 560,000 14,304,043 15,734,447
2035 454,545 500,000 14,758,588 16,234,447
2036 454,545 500,000 15,213,134 16,734,447
2037 454,545 500,000 15,667,679 17,234,447
2038 454 545 500,000 16,122,225 17,734,447 |
2039 454,545 300,000 16,576,770 18,234,447 |
2040 454,543 500,000 17,031,316 18,734,447 |
2041 454,545 500,000 17,485 861 19,234,447
2042 454,545 500,000 17,940,407 19,734 447
2043 454,545 500,000 18,394,952 20,234,447
2044 454,545 500,000 18,849,498 20,734,447
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Waste Accepted

B 'W'é'ste-[n-Piace

Year (Mg/vear) (short tons/year) (Mg) (short tons)
2045 454,545 500,600 19,304,043 21,234,447
2046 454,545 500,600 19,758,588 21,734,447
2047 454,543 500,000 20,213,134 22,234,447
2048 454,545 500,000 20,667,679 22,734 447
2049 454,545 500,000 21,122,225 23,234,447
2050 454,545 500,000 21,576,770 23,734,447
2051 454,545 500,000 22,031,316 24,234 447
2052 454,545 500,000 22,485,861 24,734 447
2053 454,545 500,000 22,940,407 25,234 447
2054 454,545 500,000 23,394,952 25,734,447
2055 454,545 500,000 23,849,498 26,234 447
2056 454,545 500,000 24,304,043 26,734,447
2057 454,543 500,000 24,758,388 27,234,447
2058 454,545 500,600 25,213,134 27,734,447
2059 454,545 500,000 25,667,679 28,234,447
- 2060 454,545 500,000 26,122,225 28,734,447
2061 454,545 500,000 26,576,770 29,234,447
L 2062 454,545 500,000 27,031,316 29,734,447
2063 454,545 500,000 27485861 30,234,447
2064 454,545 500,000 27,940,407 30,734 447
2065 295,119 324,631 28,394,952 31,234,447
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Attachment 1: Landfill Gas Generation Rate

Year Total landfill pas
(Mg/vear) (' fyear) {av fi"3/min}
2000 0 0 0
2001 3.054E+01 2.445E+04 1.643E+00
2002 2.091E+(3 L.O75E+06 1.125E+02
2003 4.313E+03 3.454E+06 2.320E+02
2004 6.988E-+03 5.590E+06 3.760E+02
2005 9.949E+03 7.967E+06 5.353E+02
2006 1.297E+04 1.O39E+07 6.979E+02
2007 1.669E+04 1.337E+07 8.982E+02
2008 1.979E+04 1.585E+07 1.065E+03
2009 2.222E+04 1.779E+07 1.196E+03
2010 2.530E+04 2.026E+07 1.361E+03
2013 2.808E+04 2.248E+07 1.5t FE+Q3
2012 3.H15E+04 2.494E+(7 1.676E+03
2013 3.413E+04 2.733E+07 1.836E+03
2014 3.664E+04 2.934E+Q7 [.971E+Q3
2015 3.942E+04 3157E+07 2.121E+03
2016 4.214E+04 3.375E+07 2.267E+03
2017 4.480E+04 3.588E+07 2A411E+03
2018 4. T40E+04 3.796E+07 2.550E+03
2019 4.994E+04 31.599E+07 2.687E+03
2020 3.243E+04 4. 198E+07 2.821E+03
2021 SA485E+04 4.392E+07 2.951E+03
2022 5. 722E+04 4.582E+07 3.079E+03
2023 5.954E+04 4.768E+07 3.203E+03
2024 6. 180E+(4 4 949E+Q7 3.325E+03
2025 6.402E+04 5.126E+07 3.444E+03
2026 6.618E+04 3.299E+Q7 3.561E+Q3
2027 6.829E+04 5.469E+07 3.674E+03
2028 7.036E+04 5.634E+07 3.785E+03
2029 7.238E+04 5.796E+Q7 3.894E+03
2030 7.435E+04 5.953E+07 4.000E+03
2031 7.628E+04 6. 108E+07 4.104E+03
2032 7.816E+04 6.259E+07 4.205E+03
2033 8.000E+04 6.406E+Q7 4.304E+03
2034 8.180E+04 6.550E+07 4.401E+03
2035 3.356E+04 6.691E+Q7 4.496E+03
2036 8.528E+04 6.829E+07 4.588E+03
2037 8.696E+04 6.963E+07 4.678E+03
2038 8.860E+04 7.094E+07 4,767E+03
2039 9.020E+04 7.223E+07 4.853E+03
2040 S 177E+04 7.348E+07 4.937E+03
2041 9.330E+04 7ATHE+QT 5.020E+03
2042 9.480E+04 7.591E+07 3.100E+03
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Total landfill

as

Year ; -
{(Mg/veur) {nr'/year} (av fi"3/min)
2043 9.626E+04 7.708E+07 3.479E+05
2044 0.769E+04 7.822E+07 3.256E+03
2045 9.908E+04 7.934E+07 5.331E+03
2046 1.004E+05 8.044E+07 5.404E+03
2047 1.O18E+0S B.150E+07 5.476E+03
2048 [.O31E+05 8.255E+07 5.546E+03
2049 1.044E+05 8.357E+07 5.615E+03
2050 1.O56E+05 8.456E+07 5.682E+03
2051 |.068E+DS 8.554E+07 5. 747E+03
2052 1.080E+03 8.649E+07 5.811E+03
2053 1.O92E+05 8. 742E+07 5.874E+03
2054 1.103E+05 8.833E+07 5.935E+03
2055 1. 114E+05 §.922E+07 5.995E+03
2056 1.125E+05 9.009E+07 6.053E+03
2057 1. 136E+05 9.094E+G7 6.1 10E-+03
2058 1.146E+05 9.177E+07 6.166E+03
2059 F.156E+05 9.258E+07 6.220E+03
2060 1.166E+05 9.337E+07 6.274E+03
2061 L1IT6E+0S 9.414E+07 6.326E+03
2062 1.185E+05 9.490E+07 6.376E+03
2063 1. 194E+05 9.564E+07 6.426E+03
2064 1.203E+05 9.636E+07 6.475E+03
2065 L212E+05 9, 707E+07 6.522E+03
2066 1.208E+05 8.674E+07 6.500E+03
2067 L 181E+(05 9.454E+07 6.352E+03
2068 t154E+05 9. 239E+07 6.208E+03
2069 E12BE+0S 9.029E+07 6.067E+03
2070 L102ZE+05 8.824E+07 3.929E+03
2071 1.OT7E+05 8.623E+07 5.794E+03
2072 1.OS2E+D5 8.427E+07 5.662E+(3
2073 1,028E+05 8.236E+07 5.534E+03
2074 1.005E+05 8.048E+07 5.408E+03
2075 9.822E+04 1.865E+07 3.285E+03
2076 9.599E+04 7.687E+07 5.165E+03
2077 9.381E+04 7.512E+07 5.047E+03
2078 9.168E+04 7.341E+07 4.932E+03
2079 8.959E+04 TATAE+07 4,820E+03
2080 8.755E+04 7O011E+07 4.711E+03
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WELL PLACEMENT (DARCY RADIUS OF INFLUENCE CALCULATIONS)

INTRODUCTION

The first step in performing a gas system design is to lay out the location of the vertical gas
extraction wells. The spacing (or horizontal distance) between the wells is determined by a
calculated “Radius of Influence” (ROI). The ROI defines an area from which gas can be extracted
without inducing excessive air into the landfill. General design criteria, the method for determining
ROIs and well construction are discussed in the following subsections.

Well spacing is also the first requirement listed under 40 CFR 60.759: Specifications for Active
Collection Systems. Specifically, each owner or operator seeking to comply with §60.752(b)(i)
should site active collection wells, horizontal collectors, surface collectors, or other extraction
devices at a sufficient density throughout all gas producing areas using the following procedures
unless alternative procedures have been approved by the Administrator.

A gas collection system has already been installed over a portion of the landfill. As-builts of the
system are included in Appendix A. The ability of these wells to meet the NSPS performance
requirements are verified on a quarterly basis by the surface monitoring program required by the
NSPS. Therefore, no calculations for the radius of influence (ROI’s) have been provided for the
existing wells in these systems.

A conceptual design for the remainder of the proposed gas system was prepared and drawings are
included in Appendix A. A discussion on the methodology used to calculate well density is provided
below.

DESIGN METHODOLOGY: DARCY RADIUS OF INFLUENCE
INTRODUCTION

The correct placement of vertical gas extraction wells is a critical component of the landfill gas
control system design. The goal is to maximize the volume of gas extracted from the landfill without
harming the landfill environment. Maximizing the volume of methane gas extracted will help
minimize landfill emissions, reduce the occurrence of odors, minimize vegetative stress, and control
potential subsurface gas migration.

When a well is placed under a vacuum, or negative pressure, the recoverable landfill gas in the
immediate vicinity will begin to move towards it. This area of gas movement is called a well's
“Radius of Influence”, or ROI. For ease of calculation, the area is assumed to be cylindrical with the
vertical well in the center of the cylinder. The edge of the ROT is reached when the pull of vacuum
exerted by the well is zero; i.e., landfill gas will no longer move towards the well from beyond a
certain point. The actual extent of influence will vary from well to well and cannot be measured
until the well is actually installed. However, for design purposes, a theoretical ROI can be calculated
based on certain assumptions made about the well and its surrounding refuse environment. The
factors which influence a well's ROI include:
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¢ the depth of the well

o the length of slotted pipe provided for gas collection
e the rate of gas generation in the refuse

e the refuse temperature

e the amount of vacuum applied to the well

The movement of landfill gas through refuse is essentially the movement of a fluid through a porous
media, which can be estimated using a modified form of Darcy's equation for radial fluid flow. EIL
has developed a computer spreadsheet which incorporates the Darcy equation to calculate a
theoretical ROI for each well.

The designer enters the site specific information for the conceptual gas extraction system into the
spreadsheet. The results allow the designer to space the gas extraction wells with an optimum
amount of overlap, so that all areas of the landfill are theoretically covered. The data for the
Cottonwood Hills RDF is provided in Table 3.

GENERAL ASSUMPTIONS

The careful formulation of assumptions for the spreadsheet is critical to the accuracy of the program's
output, and requires some knowledge of the landfiil's characteristics. While typical values are
provided in the spreadsheet in a comment section, these values should only be used if no site specific

information is available.

Gas Generation Rate:

Landfill gas is the by-product of the anaerobic decomposition of organic material disposed of in a
landfill, by methanogenic (methane producing) bacteria. Landfill gas production is assumed to have
a first order reaction rate and is dependent upon the following:

e age of the landfill

e types of waste received

e location (i.e., climate and precipitation)
e moisture conditions within the refuse

e landfill cover materials and thicknesses

EIL has an extensive landfill gas production assessment database with gas generation rates measured
from over two dozen landfills during gas extraction tests conducted in the mid to late 1980s. This
database is utilized to select an appropriate gas generation rate for a landfill site by selecting landfills
within the database sharing similar characteristics, i.e., location (climate), type of waste stream,
age, etc.

Since the Cotionwood Hills RDF is located in the midwestern United States (an area with average
rainfall), only sites of similar refuse volume capacity and waste stream characterization, which have
comparable precipitation amounts, were utilized to estimate a gas generation rate for the site. A rate
of 0.105 cubic feet per pound of refuse per year was selected for the facility.
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Permeability Factor:

Permeability is defined as a measure of the ability of a porous media to transmit fluids, While the
permeability of refuse within a landfill can vary greatly, it is assumed to be a constant for ease of
calculation in the spreadsheet. A reasonable absolute permeability value for refuse is
2.268 x 107" (f%). This number was calculated by EIL by applying Darcy’s Law for Linear
Compressible Fluid Flow to the movement of landfill gas through refuse and assuming the
following:

1. Steady state flow conditions exist.

2. The pore space of the refuse is 100 percent saturated with the flowing fluid (landfill
gas).

3 The viscosity of the flowing fluid is constant.

4. Isothermal conditions in the refuse prevail.,

5. Flow is laminar, horizontal and linear since refuse grain size is relatively small and

the velocity of fluid flow is low.

Refuse Density:

Refuse density is a function of the types of waste received and the degree of compaction at the
landfill site. A refuse density of 1600 tbs/vd® (59.26 Ibs/ft’ 3y was used for the calculations for the
facility. However, the value can range from 29.6 Ib/ft® to 66.76 Ib/ft* (800 to 1800 Ib/yd?).

Gas Temperature:

The temperatures within a landfill can influence the movement of landfill gas in two ways. First,
since landfill gas is a compressible fluid, its viscosity and flow characteristics must be corrected to
standard temperature and pressure conditions prior to using the Darcy Equation for radial fluid flow.
A discussion of this is included in Attachment 2, which presents the derivation of Darcy's equation
for landfill gas flow.

Secondly, a landfill's interior temperature can affect the rate at which landfill gas is generated since
different types of bacteria are present at different temperatures. Methanogens (or methane producing
bacteria) that generate landfill gas at temperatures below 110°F are known as mesophilic bacteria,
while those that generate gas at temperatures in excess of 110°F are called thermophilic bacteria.
Although both types of bacteria produce approximately the same quality of gas, the gas generation
rate is optimized in the thermophilic range.

Avergge Cover Depth:

The average thickness of final or intermediate cover over the waste at the time of well installation is
subtracted from the refuse depth available for gas production. Soil is inert and will not contribute to
the generation of landfill gas.
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Average Maximum Radius of Influence:

A default maximum ROI of 175 feet was calculated for the facility, since the final cover will consist
of compacted clay. If the Darcy equation calculates a radius of influence greater than 175 feet, the
default maximum will be used.

Average Overlan Factor:

When the gas systern designer plots the well locations on a landfill's topographic map and draws the
calculated ROIs around each well, it is desirable to achieve a certain degree of overlap of the circular
ROIs. Since the calculations are theoretical to begin with, the overlap provides a factor of safety to
the gas control system design. If field conditions prevent gas from moving towards a particular well,
an overlap helps ensure that the gas can travel to more than one collection point.

The target range of overlap values is approximately 5 to 10 percent. The overlap percentage is used
in the spreadsheet's gas production rate estimate for cach well, to make sure the gas volumes aren't
“double counted” in areas of overlap. The overlap value used for the facility’s proposed well spacing
is 5%.

WELL CONSTRUCTION

Description of Vertical Gas Wells:

Typical gas wells (“slotted” or “stone column”) proposed for installation at the facility are included
in Appendix A. Materials of construction are indicated on the details, As indicated previously, the
facility may employ a variety of collection methods in order to extract landfill gas. As-built
drawings of the collection system will be kept on site in the NSPS files, as required by the regulation.

NSPS Compliance:

The proposed gas collection wells will meet the following requirements listed in 40 CFR 60.759:

e minimization of air intrusion

waste depths and proper connector assembly (closing valves, sampling ports, etc.).
required materials of construction and gravel dimensions

corrosion resistance

sufficient density of extraction devices

avoidance of damage to underlying liners

e occurrence of water within the landfill

L]
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TABLE 3: Radius of Influence Caleculation Table

AVERAGE ASSUMPTIONS

DATE: Septemper 16, 2014 GAS GENERATION RATE: 0.105 FT3ILBmM*YR
PROJ. NO: ) PERMEABILITY FACTOR: 2.268 x 10E-11, F72
PROJECT: Cottonwood Hills RDF - NSPS REFUSE DENSITY: 59.26 LBm/FT3
LOCATION: Marissz, Illinois GAS TEMPERATURE: 100 DEG.F
BY: LLN COVER DEPTH: 3 FT
DESIGN MAX. ROL: 175 FT
OVERLAP FACTOR: 5 %
o Assumes standard conditions are 14.7 psia, 60 Deg. F.
Well SURFACE BASE DEPTH [LIQUID} WELL [LENGTH OF PIPE APPLIED GAS
WELL COORDINATES ELEVATION | ELEVATION |OFF BASE| LEVEL | DEPTH | SOLID { SLOTTED{ (Hs/Ht) | VACUUM { ROl | FLOW
NO. NORTH EAST {FASL) (FASL) {FT) (FASL) (FT} (FT} (FT) [ RATIO | (inWC) { (FT} | (SCFM)
Mid - 11RR 578143 | 610973 4900 383.0 10 C 37.0 40 57 [ 0.59 621  ]175 66.9
P -12 578242 611277 544.0 382.0 10 G 152.0 40 112 0.74 | 6.21 175 102.2
#W-13R 578754 611585 5740 3840 10 4] 180.0 40 140 0.78 | 6.21 175 120.2
ME-17R F H78650 611246 | 54490 3830 10 o 151.0 40 111 074 { 821 175 101.6
MW-18 579398 611996 490.0 385.0 10 s | ss.0 40 55 | 0.58 8.21 175 65.6
579391 611696 538.0 388.0 19 7 Praz.o 40 102 0.72 5.21 175 95.8
579130 611501 557.0 387.0 19 g 150.¢ 40 120 .75 8.21 175 107.3
579042 611982 543.0 387.0 10 2 14%.0 40 108 0.73 5.21 175 98.3
578907 611795 558.0 i 388.0 10 C 158.0 20 118 0.75 6.21 175 106.1
577831 611227 490.0 i 3870 10 n 3.0 40 53 0.57 6.21 174 63.4
SW - 24 577942 611530 543.0 382.0 10 s 151.0 40 111 0.74 6.21 175 101.6
W25 578077 611897 562.0 383.0 10 C 16%.0 40 128 0.76 6.21 175 113.1
il - 26 577568 6511502 501.0 381.0 10 5 110.0 40 70 0.64 6.21 175 75.2
-2 577644 611789 544.0 382.0 10 9 1520 £ 112 0.74 6.21 178 102.2
S22 578319 6116827 562.0 385.0 10 o 167.0 40 127 0.76 6.21 175 111.8
AW-23 578689 512886 480.0 382.0 19 Q 8.0 40 48 0.55 6.21 170 57.7
W-30 578588 512581 540.0 382.0 10 o 148.0 40 108 0.73 6.21 175 89.6
M- 31 578269 612476 558.0 384.0 10 5 164.0 40 124 0.76 6.21 175 108.9
MW~ 32 578934 612601 481.0 381.0 10 g 0.9 40 50 0.56 6.21 172 60.0
AW-33 578846 512298 540.0 382.0 10 ¢ 148.0 45 108 0.73 6.21 175 899.8
BW-34 578742 611982 557.0 384.0 10 G 163.0 46 123 0.75 6.21 175 109.3
HW-35 578474 611887 | 573.0 385.0 10 G 178.0 40 138 0.78 6.21 175 118.8
il - 35 578524 6512240 556.C 383.0 10 153.0 4G 123 0.75 6.21 175 108.3
M- 37 578200 612182 573.0 385.0 10 o 0 40 138 0.78 6.21 175 118.9
ME-38 579182 612320 480.0 383.0 10 C 0 40 47 0.54 6.21 169 56.5
MW -39 577319 611789 500.0 381.0 | 10 ¢ 0 40 69 1 0.63 6.21 175 74.6
MR- 40 577196 612117 490,0 384.0 10 o 2 40 56 0.58 6.21 175 66.2
577514 612177 545.0 3820 10 g 40 113 0.74 6.21 175 102.8
577832 512192 560.0 384.0 10 0 40 126 0.76 6.21 175 111.2
577233 612483 540.0 382.0 i0 G 40 108 0.73 6.21 175 99,6
577389 612797 560.0 384.0 10 8 40 126 0.76 6.21 175 111.2
577653 512518 569.0 383.0 10 3 40 126 0.76 6.21 175 111.2
577962 612455 573.0 385.0 10 o 419 138 0.78 6.21 175 118.9
576938 612341 480.0 382.0 10 o 40 58 0.59 6.21 175 | €7.5
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TABLE 3: Radius of Influence Calculation Table

AVERAGE ASSUMPTIONS

DATE: September 16, 2014 GAS GENERATION RATE: 0.105 FT3/LBm*YR
PROJ. NO: PERMEABILITY FACTOR: 2.268 x 10E-11, FT2
PROJECT: Cottonwood Hills RDF - NSPS REFUSE DENSITY: 59.26 LBm/FT3
LOCATION: Marissa, Illinois GAS TEMPERATURE: 100 DEG.F
BY: LLN COVER DEPTH: 3 FT
DESIGN MAX. ROL 176 FT
OVERLAP FACTOR: B %
Assumes standard conditions are 14.7 psia, 60 Deg. F.
Weil SURFACE BASE DEFPTH [ LIQUID} WELL {LENGTH OF PIPE APPLIED | GAS
COORDINATES ELEVATION | ELEVATION |OFF BASE| LEVEL | DEPTH | SOLID [ SLOTTED]| (Ms/Ht) | VACUUM | ROI | FLOW
NORTH EAST {FASL) {FASL) {FT) (FASL) (FT} (FT} (FT) RATIO | (inWC) ] (FT) | (SCFM)
577998 | 613134 544.0 383.0 10 4 151.0 40 111 G.74 6.21 175 1 1018
578037 612792 556.0 3840 i0 ¢ 152.0 40 122 0.75 6.21 175 108.6
577723 | 612900 566.0 384.0 10 ¢ 172.0 40 132 0.77 6.21 {175 115.1
578452 613156 480.0 381.0 10 [ 89.0 49 45 0.55 621 | 171 58.8
578338 612876 540.0 383.0 10 C 147.0 40 107 1 0.73 6.21 175 99.0
578185 613394 491.0 382.0 10 ! 35.9 4C 59 0.80 6.21 175 88.1
576918 612674 543.0 380.C 16 g 153.0 | 4¢ 113 0.74 6.21 175 102.8
576673 512818 5430 379.C 10 3 154.0 [ an 114 0.74 6.21 175 1035
577068 13008 5610 381.0 10 ] 178.0 40 130 0.76 5.21 175 113.8
W-57 576698 613208 555.0 381.0 10 0 164.0 40 124 0.76 6,21 175 108.9
W52 576371 612797 480.0 379.0 10 0 1¢1.0 50 61 0.60 8.21 175 59.4
MW-59 576649 612539 490.0 379.0 10 ¢ 101.0 40 81 0.60 6.21 [ 175 69.4
iW- 60 577469 613585 498.0 378.0 10 0 105.0 40 69 .63 6.21 175 746
- D1 577621 613325 543.0 386.0 10 [ 153.0 10 113 0.74 6.21 [ 175 102.8
il 577376 613118 567.0 381.0 10 [ 174.0 40 136 0.77 6.21 175 1176
577851 613559 500.0 379.0 10 [ 111.0 4¢ 71 0.54 6.21 175 75.8
577145 5613398 540.0 381.0 10 c | 149.¢ 4¢ 109 0.73 6.21 175 100.3
576992 813668 480.0 389.C 10 8 281.0 40 41 | 0.51 6.21 164 496
576766 613449 534.0 387.C 10 0 137.0 A0 97 0.71 6.21 175 82.6
576107 613070 4850 383.0 10 o 102.0 40 62 0.61 £6.21 175 70.1
576389 613195 543.0 384.0 10 0 149.0 40 109 0.73 6.21 175 100.3
575829 613354 500.0 383.0 10 5 197.0 40 67 0.63 8.21 175 733
575437 613643 485.0 387.0 10 0 88.0 40 48 0.55 8.21 170 57.7
575689 613601 484.0 386.0 10 o 92,0 20 58 0.59 6.21 175 67.5
575989 513698 470.0 387.0 10 0 72.0 37 36 0.49 5.75 156 40,7
576105 813472 527.0 384.0 10 g 133.0 49 93 0.70 6.21 175 90.0
576324 613702 470.0 386.0 10 C 74.0 37 37 0.50 5.75 157 41.8
MW - TS 576427 65134785 827.0 385.0 10 ¢ 132.0 40 92 0.70 6,21 175 89.3
MW - T4 576684 613705 470.C 387.C 10 ¢ | 73.0 37 36 0.49 575 156 40.7
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ATTACHMENT 2
DISCUSSION OF THE
DARCY RADIUS OF INFLUENCE
FOR LANDFILL GAS EXTRACTION SYSTEMS

Purpose: To present a design procedure for determination of gas extraction well locations
and relative placement/spacings.

Method: Utilization of an individual gas extraction well's Darcy radius of influence to
determine well spacings to distribute an induced vacuum uniformly throughout
the waste disposal area. The concept of radial fluid flow has been used in the
petroleum industry for calculating flows in porous rock reservoirs towards 011 and
natural gas extraction wells.

Objective: As a standard design criterion, landfill gas extraction well spacing by means of the
Darcy radius of influence method should indicate a reasonable effective extraction
area coverage over the waste disposal area, with minimum overlap or open spaces.
Placement of gas extraction wells on side slopes should be minimized to reduce
air intrusion.

Definition:  The radius of influence (ROI) is the radial distance from an extraction well from
which the migration direction of landfill gas will be influenced by an application
of vacuum. Since gas is influenced by convection forces (pressure gradient), the
radius of influence is established where the measured pressure/vacuum at extreme
radius (r;) of influence is zero.

Darey radius of influence for radial compressible fluid flow

Discussion:  Darcy equation, for radial fluid flow

-k
= { e © ]( ar J equation( I )
U dr

Where: e = acceleration of gravity constant = 32.2 (lby-ft/Ibp-sec?)

v = apparent flow velocity in (ft/sec) units

L = absolute viscosity of the flowing fluid (landfill gas) in
(Ibym/ft-sec) units

k = absolute permeability of the porous media (refuse) in (ft%)
units

dP = pressure gradient in the direction of radial flow in (Ibp/ft%)
units

dr = radial distance gradient in (ft) units
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Definition:  Permeability is defined as a measure of a porous media’s ability to transmit fluids.
Assumptions necessary to develop the basic flow equations:

(1} steady-state flow conditions exist.

(2) the pore space of the refuse is 100 percent saturated with the flowing fluid
(landfill gas).

(3) the viscosity of the flowing fluid is constant.

(4) isothermal conditions in the refuse prevail.

(5) flow is laminar, horizontal, and linear since refuse grain size is relatively small
and the velocity of the fluid flow is low.

Please refer to the ideal radial flow system diagram (Figure 1). With these assumptions in mind,
let

-
Where: v = the apparent velocity of the flowing fluid {gas)
q = volumetric rate of fluid (gas) flow
A = total cross-sectional area perpendicular to flow direction
= 2rrh,
hg = total extraction well length of slotted pipe

Substitute in equation (1):

-k
g/ A = ( £ 2 }{ %’Z J equation{ 2
H r

with A = Znrhs and rearranging

2y -k
g = ( HIhs g * }[ ar ) equation( 2 )
I dr

Since landfill gas is a compressible fluid, its viscosity and flow characteristics must be corrected
to standard conditions.

When a flowing fluid is compressible, then g 1s not constant, but is a function of pressure and
temperature f{P, 7). An expression for the standard flow rate of a gas (g, is obtained from
Charles' law, assuming ideal gas behavior at standard conditions:
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Pr gy P2 4y constant = L2 95

T T T

at standard conditions

Substitution in equation (3):

L e hy ok
Ps 9y _ Pg _ ( 2Arhs gc K ](fﬁ] = constant
H T dr

Ty r

Where: T, = standard temperature = 60(°F) = 520(°R) constant

o0
I

standard pressure = 14.7 (psia) = 2,116.8 (Ibs/ft") constant
T = flowing temperature of the fluid (Jandfill gas)

Therefore:

. he o, k
HWWP:‘ 9y = ( ———-“ﬂ " 8¢ } ( ——PdP ) equctiont( 4 )
Ts at L

let g; = standard volumetric rate of fluid flow

gy = (dG /dit)Vp = (dG 7 dt ) mp? by p

il

Where: (dG/dy) landfill gas generation rate

¥ = volume of well influence, assuming uniform cylindrical geometry
v = nrzhr

D = density of refuse; assume p = 1,200 (Ibw/yd®) = 44.44 (Iby/f?)
hr = total extraction well length {total well depth)

This approach assumes that all conditions are uniform, and that all gas generated at radius r /1S
extracted. Actually, only a fraction of the gas generated at some distance > from the well
would be extracted, and this fraction would decrease as the radius increases.

Please refer to the ideal radial flow system diagram (Figure 1).

Substitution in equation (4):

. ;7 s A-j . 2l . k
Py (dGdr) = iy po rhs & ( par ) equation( 5 )
s uT dr

Simplification, separation of variables, and insertion of system limits in equation (5):
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i ordr = 280 kTslhs 7 hr ) p,

_ " PdP
o Pl dG < dT ) puT "0

Where: To = radius of the extraction well pipe
Iy = the darcy radius of influence
Which when integrated:

{(ri=ri) . l: 8 KTl hs/ hy J

¥ 2 _p?
2 Pe(dG / dit JpuT (P “J}

Solving for radius of influence (r, ):

/2

/ ( Pi-P; )*r; :] equation( 6 )

_ Zg(- kTol hy 7 hy
" Ps(dG / di JpuT

This is the Darcy radius of influence equation.

Since a concentric cylindrical surface at distances r, and ry are assumed, perpendicular gas flow
across the surface at »; must be much greater than that across the surface at 1 and since ry <2< py,
then ry 1s negligible and:

{2

(Pi—Pi) } equation( 7 )

. = 28, KTs( hs 7/ by )
! P(dG /dt )pouT

The maximum vacuum that can be applied in a gas extraction well is usually dependent on the length
of solid pipe section specified. The relationship is that as the length of solid pipe section increases.
the potential of air intrusion through the cover or side slopes decreases, therefore allowing more
vacuum to be applied to the gas extraction well to maximize its effective radius of well influence.
The average reasonable applied vacuum at the wellhead (P, ) for an active gas extraction system
must be anticipated by the designer to calculate the Darcy radius of influence.

The following table is a guideline of reasonable applied vacuum values to be utilized in
equation (7):

H-16 September 2014

WMO00085



Cottonwood Hills RDF
Landfill Gas Management System
Revised Collection and Control System Design Plan

LENGTH OF SOLID PIPE APPLIED YACUUM APPLIED VACUUM
[613) AW.C: ¢/ Ity absolufe
15 1.0 2,111.6
20 2.0 2,106.4
25 3.0 2,101.2
30 4.0 2,096.0
35 5.0 2,090.8
40 6.0 2,085.6

The following calculation demonstrates how the Darcy radius of influence can be determined for
a conceptual gas extraction well location plan.

Assumptions:

Average landfill gas composition:

percent methane (CH,) = 56 %
percent carbon dioxide (CO3) = 43 %
percent air (Ny/Os) = _1%
Total = 100 %

fi

86(°F) = 546(°R)
0.102(f /by—yr)
3.234 x 107°(ft* /1by—sec)

Average flowing landfill gas temperature  (7)

il

Average reasonable gas generation rate (dG/dl)

or (dG/dr)

It

Average reasonable applied vacuum at the wellhead (P, ) for an active gas extraction system
with a 29-foot tength of solid pipe:

P, = 3.8 (inches of water column)
0.137 (psig)

= 2.097.0 (Ibg/ft?) absolute
Conversion: 1.0 (psig) = 27.7 (inches of water column)

Average reasonable absolute permeability of refuse ().
k = 2.681 x 107(&%)
Typical gas absolute viscosity at standard temperature conditions = 60(°F)

Absolute Viscosity Reference Values

[§-17 Seprember 2014
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methane (CHy) = 7.1 x 10° (Ibp/ft—sec)
carbon dioxide (CO,) = 08x10° (Ibpm/ft—sec)
air (N2/O5) = 1.2 x 107 (Ibp/ft—sec)

Standard landfill gas viscosity (i) at 60(°F):

. = (0.56) (7.1 x 10°°) + (0.43) (9.8 x 10°%) + (0.01) (1.2 x 10
U = 8.31 x 10 (Iby/fi—sec)

Determine the ratio of slotted pipe to total pipe section for typical gas extraction wells as
specified by the designer.

Typical ratio value ( b/ hy) = 0.567, approximately two-thirds slotted length per total length.

Constants utilized in the darcy radius of well influence, equation (7):

2 = acceleration of gravity constant = 32.2 32.2 (lby—ft / Ibs —sec )

7T = standard temperature = 520 (°R)

Py = standard pressure = 2,116.8 (le!ftz)

p = density of refuse = 44.44 (Iby, /1)

P, = pressure/vacuum at extreme radius (7, ) of influence convention pressure

gradient

P = 0 (inches of water column)

P = 0 (psig) = 14.7 (psia) absolute

Pi = 2,116.8 (Ibg/ft?) absolute

Note that P; = P, = 2.116.8 (1bp/ft2) absolute atmospheric pressure.
Substitute in equation (7) to derive the darcy radius of influence for a typical gas extraction well.

_ | (2x322)(2.681x 107" )(520 )(0.567 )[( 2,116.7 )7 ~( 2,097.0 )* ] H
T (2,116.8 )(3.234x 107" )( 4444 )( 831 x 10 )( 546 )

o= 3077x007 7))

Therefore: ry == 175.4 (ft) = 175 (ft) radius of well influence.
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HEADER PIPE SIZING

INTRODUCTION

The next step in designing a gas collection system is to lay out a routing for the header line and
laterals to connect each of the gas wells into the system, and convey the collected gas to a central
location for destruction. After the design engineer has routed the most efficient header system for
collecting gas from the extraction wells, the header pipe must be sized appropriately to convey the
maximum expected gas flow [40 CFR §60.752(b)(2)(ii)(A)(1)]. Typical design criteria and header
construction methods are generally discussed in the following subsections.

The Cottonwood Hills RDF has an existing gas collection system over a portion of the waste. The
following provides a narrative describing the results of a KYGas® anatysis of the landfill gas
collection and control system (GCCS) installed at the facility. The purpose of conducting this
analysis was to determine the required piping size for the future system in order to convey the
maximum expected gas flow rate.

The KYGas® model was development by the University of Kentucky for performing water and gas
distribution flow analyses. The program uses a 2-dimensional model depicting the geometry of the
piping system. Once the 2-dimension layout of the system has been entered into the model, the user
enters the physical properties of the gas, plus other site-specific parameters for the size and type of
pipe, gas flow requirements, and operating pressure conditions to calculate the system gas velocities
and pressure distribution.

KYGas” utilizes the Ideal Gas Law for pressure-temperature-density relationships and the Darcy-
Weisbach equation for head losses related to uncompressible flow. The program operates under the
assumption that all flow in the piping system is steady, one-dimensional, isothermal flow for an ideal
gas.

MODEL INPUT DATA

For the Cottonwood Hills RDF, the GCCS layout and pipe sizes used in the model were based on as-
built information provided for the existing system, and the proposed future expansions of the system
through site closure. High density polyethylene (HDPE) piping having a standard diameter ratio
(SDR) rating of 17 was assumed for the inside pipe diameters. Other parameters required for the
model include:

* Pipe length

* Roughness within the pipe

e Minor loss coefficient

e LFG operating temperature (assumed to be 110 °F)

¢ LFG flow rate into the system at each well or node

e Ratio of specific heats (1.303)

e Specific gravity of the landfill gas {1.036)

e Absolute viscosity of the landfill gas (2.82 x 107 Ib*sec/ft?)
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The peak landfill gas (LFG) flow rate condition used in the model was derived by summing up the
individual expected flows from each future well from the ROI spreadsheet, as well as the average
actual well flows from sixteen of the existing wells. This flow volume totaled up to 6565.3 cfm,
which nearly matches the maximum modeled gas flow rate of 6,522 cfm. AP-42 assumes that a
facility can achieve an average collection efficiency of 75%.

The gas extraction flow rates used in the model for the future extraction wells (including planned
replacements for existing wells) were obtained directly from the RO1 spreadsheet. Gas flow rates
from the existing wells were averaged from actual data.

The KYGas® model requires the user to specify an operating pressure for each vacuum source used
in the analy51s A target vacuum of 100 inches water column gauge (“w.c.) was used during the
KYGas® analysis for the blower at the proposed flare station, based on the calculations in the next
section. The existing blower is adequately sized for the existing system. Blowers will be frequently
upsized and exchanged as the gas collection system is expanded, so a second 100“w.c. blower was
added to the model at the existing flare station to simulate this future upgrade.

The user can start the evaluation of the system once all of the required information is input into the
program. This evaluation is an iterative process. Multiple model runs are conducted by adjusting the
pipe diameter, until the velocities in the system piping and the vacuum pressure remaining at the
furthest node meet design requirements.

The design criteria utilized for the header system is as follows:
o  Maximum velocity: 40 feet/second
o Maximum pressure drop: 1 inch per 100 feet of pipe
e Minimum vacuum at any node/well: 10 inches of water column

DESCRIPTION OF KYGAS® MODEL RESULTS

A copy of the K'Y Gas® model print out for the Cottonwood Hills RDF is provided as Attachment 3.
Also included are three model-generated layouts of the GCCS. Figure 1 identifies the pipe segment
and pipe node names used by the model. These names can be used to reference the information on
the model print-out. Figure 2 shows the pipe sizes used, and Figure 3 shows the available vacuum at
each well, and the calculated flow rate through each pipe segment.

A summary of the simulation is provided, including gas parameters and units of measure. The
geometry and operating criteria used in the model is identified, including pipe names, nodes that
connect to each pipe segment, pipe lengths and diameters, and pipe roughness.

The next set of pages summarizes the junction “nodes” and their “demand”, or the unit flow rate for
the quantity of LFG entering the system at that node location. Because the GCCS operates under a
negative pressure, the operating flow rates and pressures are entered as negative numbers. Column 3
indicates the LFG extraction flow rate that is introduced to the piping system at that junction
location.

The modeling results for each pipe segment are then provided. This includes the calculated LFG
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fiow rate through each pipe segment. A negative number indicates the direction of LFG flow is
reversed from the orientation indicated by the pipe nodes. Also shown is the calculated friction loss
along the length of pipe segment expressed in inches of water column, the calculated velocity of the
LFG flowing through the pipe segment, the density of LFG used in the calculations, and a variable
calculated by the model for each pipe segment based on flow rate.

SUMMARY OF KYGAS" RESULTS

The KYGas® results for the Cottonwood Hills RDF indicate that all values are within the specified
design criteria. Therefore, the pipe sizing selected meets the NSPS requirement to convey the
maximum expected gas flow rate,

HEADER CONSTRUCTION

Description of Header Collection Pipe Network

The header pipe proposed for installation is high density polyethylene (HDPE) pipe. HDPE pipe is
ideal due to its compatibility with landfill gas and waste, its flexibility (if settlement oceurs), its long
term stability and its excellent chemical resistance. The pipe is set in a trench, and is surrounded by
compatible bedding media.

Control valves are located throughout the collection header network. The valves can manually shut
off the applied vacuum to a particular section of header pipe. This allows portions of the well field

to be isolated for monitoring and maintenance purposes.

NSPS Complianee

Blind flanges have been incorporated into the design in order to allow for future gas system

expansions. The header system as described in this section will meet the following requirements
listed in 40 CFR §60.759:

e gas system expandability & accessibility

®  corrosion resistance

e fll settlement

e required materials of construction

» ability to withstand planned overburden or traffic loads
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ATTACHMENT 3

KYGas* MODEL RESULTS
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* *
*  Gas Network Analysis Software *
* *
* CopyRighted by KYPIPE LLC {(www.kypipe.com) *
* Versicn: 6.025 1G/21/2013 *
*  Company: Environmen Serial #: 1 *
* Interface: Classic *
* Licensed for Pipe2006 *
* *
L T R I T T S S St e T A )
INPUT DATA FILE NAME FOR THIS SIMULATION = ¢:\eil\EILPRO~I1\HASTEM~I\COTTON~1\2

014\COBCT9~1.KYP\cottonwo.DAT
OUTPUT DATA FILE NAKE FOR THIZ SIHULATION = c:\eil\EILPRO~I\HASTEM~I\COTTON~1I\Z
014N\CO5CT9~1 . KYP\cottonwo. QT2

DATE FOR THIS COMPUTER RUN 0 9-1E-2014
START TIME FOR THIS COMPUTER RUN : 15:15:14:85

SUMMARY OF DISTRIBUTION SYSTEM CHARACTERISTICS:

NUHBER OF PIPES = 13
NUMBER OF JUNCTION NODES = 129
UNITE SPECIFIED = ENGLISH
A CONSTANT PDENSITY FLUID IS SPECIFTED - DENSITY = . 08PCUNDS/CUBIC FOOT
ABSOLUTE VISCOSITY = .230E-06 POUND SECONDS/SQUARE FOOT
USER SPEC. FLOW UNITS (USFU)} = SCF / MIN.

USER SPEC. PRESSURE UNITS (USPU) INCHES OF WATER (GRUGE)

PIPE NODE NODE  LENGTH DIAM. ROUGHNESS SUM-M PUMP ELEVATION

NAME #1 #2 (ET.) (IW.} (WMILLIFEET) FACT. ID CHENGE

P-1 J-2 J-28 435.0 19.3 .400 0 0 .0
P-10Q J-16 FWo1 336.0 Z21.0 400 0 G .0
P-100 HMW55 J-92 225.0 7.6 400 0 0 .0
p-101 J-85 HWSS 50.0 7.6 400¢ 0 0 .0
P-102 J-95 HWS 6 392.0 5.8 400 0 0 .0
P-103 W57 J-95 239.0 7.6 400 0 o .0
P-104 MWES LW T 248.0 7.6 . 400 0 o .0
P-105 MWES J-100 180.¢C 15.8 400 0 0 .0
P-10e6 J-100 HWeo 279.0 7.6 400 0 o .0
P-107 J-100 MW7 6 131.0 15.8 400 0 0 .0
P-108 MW7 4 W75 250.0 5.8 . 400 0 0 .0
P--109 J-103 J-38 407.C 15.8 400 0 0 L0
p-11 J-21 J-68 142.0 15.8 .400 .0 0 L0
P-110 J-103 J-104 391.0 15.8 .400 .0 0 .0

uuuuuuu SUMMARY OF PIPE NETWORK GEOMETRIC AND OPERATING DATA ~-——---
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LENGTH

{FT.}

DIAR.

(IN.)

RCUGHNESS SUM-i PUHP ELEYVATION

(MILLIFEET)

FACT.

PIPE NODE NODE
NAME £#1 #2
P-111 J-104 W58
P-112 J~104 HWGT
P-113 HMWe7 MW68
P-114 MWo7T HWe o
P-115 J~108 HW70
P-1156 J-108 J-111
pP-117 J-111 MW7
P-118 J-111 J-115%
P-119 W72 PIWT7 3
p-12 J-laProposed
P-120 MWES J-108
pP-121 J~115 HE72
p-122 J-115 J-117
P-123 J-117 MW7 4
P-124 W78 J-117
P-125 W63 J-84
p-126 J-18 W28
P-127 HWQ8 J-24
F-128 WO 2 MWOTRL
P-129 WMWOTR1 MWE1
P-13 01 J-1
P-130 J-3 MWO9R
P-131 J-3 MW13
P-132 J=-5 W77
P-134 HMW19 J-5
P-135 [KW20RR J-23
P-137 J-6 HMW17R
P-14 HMW18 FH7T79R
P-147 J-6 HMW1IRR
P15 HW79R MW20RR
P-16 J-1% EW18
P-17 J-186 J-17
P-18 J-17 W21
P-19 J-17 J-19
P-2 J-2 HW04
P20 J-19 HW38
P-21 J-19 J-21
P-22 W21 W22
P-23 J-23 HWO8
P-24 HW14R J-23
P-25 J=-24 J-33
P26 J-24 J-26
P27 J-26 MWO6
P-28 J-26 J-28
p-29 J-28 EW0O5
P-3 J=7 J-4
P-30 MWIT7R HMW13R
p-31 J-1 R-2
pP-33 HWO6 MWIOR
P-34 J-33 HWL5
P-35 J-33 J-36
P-3% EWle J-&

5.
386.
328,
390.

23,
373.
116.
315.
249,
121,
485.

55.
359,

96,
352.
193,

1.

G4.
314.
196.
396.

84.
146,

66.
183.
427,
299.
335.
308,
229,

80.
161,
339.
221.

37.

43,
229.
232.

82,
240.
386.
362,

26,
434,

31.
447 .
358,
182.
261 .

33.
387.
L0 .G
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PIFE NODE NODE LENGTH DIAM. ROUGHNESS SUM-B PUMP ELEVATION

NAHE £1 #2 (FT .} {IN.} (MILLIFEET) FACT. 1ID CHANGE
P-37 J=3¢ W16 170.0 7.6 400 .0 o .0
P-38 J-36 J-37 438.0 15.8 400 .0 e .0
P-39 J-37 J~44 398.0 15.8 400 .0 o .0

P-4 J-4 MWO3R 25.0 7.6 400 .0 o .0
P-40 J-37 HMW1IRR B6.C 11.3 400 .0 0 .0
P-41 HW11RR HW12 324.0 11.3 400 L0 0 .0
P-e2 W24 HMWZ5S 321.0 5.8 4C0 .0 0 .0
P-43 HWZ2 3 riz4 317.0 5.8 400 .0 0 .0
P44 MW12 J-18 298.0 11.3 400 .0 0 .0
P-45 J-44 HMW23 34.0 5.8 CA00 .0 0 .0
P-4¢ J-44 J-48 381.0 15.8 400 .0 0 .0
p-47 J-45 J-50 241.¢ 15.8 400 .0 0 .0
P-48 J-45 MWz 274.0 5.8 . 400 .G 0 LG
P-49 J-48 J-45 159.0 i5.8 400 L8 0 .0

P-5 J-4 J-2z 276.0 18.3 400 .0 0 .0
P50 J-48 HMW2e 32.0 5.8 400 .0 0 .0
P-51 J-50 MH39 30.0 5.8 400 .0 G .0
P-52 J-50 J-81 355.0 15.8 .400 .0 G .0
P-33 J-51 W50 1%1.0 5.8 400 .0 0 .0
P-54 J-51 J-54 132.0 7.5 400 .G 0 LG
P-55 J-54 J-57 126.0 7.6 L4090 .G 0 .0
P-56 J-54 PRI4 9 232.0 5.8 400 .G 0 .0
P57 BW4 9 W4 6 342.0 5.8 400 . O 0 0
P-58 J-57 W48 44,0 5.8 4C0 .0 0 .0
P-59 J-57 MWS3 310.0 7.6 . 400 .0 0 .0

P-6 J-7 HWo2 114.0 7.6 400 .0 0 L0
pP-60 BMW53 J-61 34.0 8.5 400 .0 0 .0
P-61 FW4 0 J=-77 122.0 7.6 .408 .0 G .0
P-62 J-61 W3 427.0 15.8 400 .0 0 L0
P-63 J-61 J~64 357.0 i5.8 400 .C 0 .0
P-64 MWS1 MWS2 301.0 5.8 400 .0 0 .0
P~65 J-64 MW51 35.0 5.8 400 .0 0 .0
P-6% J~64 J-57 364.0 15.8 . 400 .0 0 .0
P-67 MN2G MW30 310.0 5.8 400 .0 0 .0
P-68 J-67 MWz 9 £1.0 5.8 400 .0 0 .0
P-69 J-67 J-1z 263.0 15.8 400 .0 G Y

P-7 J-1a J-68 113.0 15.8 400 .0 o .G
pP-71 J-68 MW32 95.0 5.8 400 .0 0 .0
P-72 J=-21 W33 343.0 11.3 400 .0 0 .0
P-73 J-70 J-74 69,0 11.3 400 G 0 .0
P-74 J-=70 W36 245.0 5.8 400 .0 0 .0
P-75 HMW33 J-70 120.¢ 11.3 .400 .0 0 ]
P-7¢ J-74 W34 179.6 5.8 400 .0 0 .0
B-77 J-74 MW35 365.0 11.3 400 .0 0 .0
P-78 HW30 MW31 343.0 5.8 400 .0 O .0
B-79 HW36 W37 336.0 5.8 400 .0 o L0

P-8 HWGO1 J-3 297.0 19.3 400 .0 0 .0
P-80 J-18 MW35 362.0 11.3 400 .0 0 .0
F-81 MW4S J-51 463.0 1.6 400 .0 0 .0
p-82 J-77 J-80 23.0 7.6 400 L0 0 .0
P-83 J-77 W4l 221.0 5.8 160 .0 0 .0
P-84 MWw4l w4z 312.0 5.8 .400 .0 0 .0

——————— SUHHARY OF PIPE NETWORK GEOMETRIC AND OPERATING DATA  ~c—ee—e
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PIPE NODE NODE  LENGTH DIAM, ROUGHNESS SUM-i FUNP ELEVATION

NAME #1 #2 {FT.} {IN.) (WILLIFEET} FACT. 1ID CHANGE
P-85 J-80 W45 462.0 7.6 400 0 0 .0
P-86 J-80 M43 298.0 5.8 400 0 0 .0
pP-87 EW43 HW4 4 349.0 5.8 400 0 o L0
F-98 HWG1 MWez 323.0 5.8 . 400 0 0 .0
P-8% J-84 HWel 254.0 5.8 400 0 o} .0

P-g J~1 J- 17.0 19.3 400 0 0 .G
P-90 J-84 W60 194.0 15.8 400 0 0 LU
P91 HWB0 J-87 287.0 15.8 400 0 0 .0
p-92 J-87 HWed 2561.0 5.3 400 0 0 .0
P-53 J~87 BG5S 192.0 15.8 . 400 o 0 .0
P-94 J-88 L 47 22.0 5.8 400 Q 0 .0
P-95 J-88 J-91 329.0 15.8 . 400 0 0 .0
P-96 J-91 W40 42.0 7.6 L4060 G 0 .0
P-97 HW59 J-103 i09.0 FY) 400 0 G .0
P-98 J-92 HW59 154.0 7.6 400 G G Y]
P-99 J-92 HW54 258.0 5.8 400 e O .0

JUNCTION NODE ELEV DEMAND FPN
NAKE TITLE (USFU) PRESGURE
J-1 . G0 00

J-100 .60 Qo

J-103 .00 oc

J~104 .00 00

J-108 .00 0o

J-111 0D 00

J-115 .00 00

J-117 .00 00

J-16 .00 00
J-17 .00 00
J-18 .00 00
J-19 .00 00
J-la .00 0o
J-2 .00 0o
J-21 .00 a0
J-23 .00 0o
J-24 .0C ac
J-286 .00 00
J-28 .00 00
J=-3 .00 00
J-33 .00 0o
J-36 .00 G0
J-37 .ao Ca
J-4 .80 0o
J-44 .00 00
J-45 .00 00
J-48 .00 00
J-5 .00 0o
J-50 .00 0o
J-51 .00 00
J-54 .00 0c
JUNCTION NCDE ELEY DEFAND PPN
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J=57 .00 00
J-6 .00 0o
J-61 .00 00
J-64 .00 00
J-67 .00 0o
J-68 .00 00
J-7 .00 00
J-170 .00 00
J-74 .60 00
J~77 . GO 00
J-80 .00 0o
J-84 .00 o0
J-87 .00 e
J-88 .00 0C
J-01 .00 0GC
J-9z2 .00 S
J-95 .00 .00
HMWO1 .00 ~66.00
MWo2 .00 -97.00
MWO3R .00 -27.00
W04 .00 -78.00
MWO5S .00 -4G.00
WG o .00 -63.00
HWOTRI .00 -16.00
HW08 . G0 -78.00
MWO9R .00 -90.00
MEH10R .00 -28.00
MWL1RR .00 -66.90
HW12 .00 -102.20
MWL3R . G0 ~120.20
MW14R .00 ~-22.00
PIW13S .00 ~44.00
Mifie .00 -46.00
MWLTR 00 -101.60
W18 .00 -65.60
MW19 .00 ~95_860
HW20RR .00 ~107.30
MWzl .00 -98.30
MW22 .00 -106.10
MWz 3 .00 -63.40
HW24 .00 -101.60
HWa5 .00 -113.10C
MW26 .00 -75.20
w27 .00 ~102.20
MWZ8 .00 -111.80
W29 .00 ~57.70
MW30 .00 -%9.6C
HW31 .00 -109.20
MW32 .00 ~60.00
HW33 .00 -99.60
W34 .60 -109.30
W35 .00 -118.90
W36 .00 ~-109.30
JUNCTION NODE ELEY DEMAND FPN
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MW37 .00 -113.90
MW38 .00 ~56.50
W39 .00 -74.60C
MWa 0 .CGO -66.20
FW4 1 .00 ~102.80
pWd 2 .00 -111.20
FWd3 . GO -89, 60
FiwW4 4 .00 -111.20
W45 .00 ~111.20
HWa6 .00 -118.%¢C
HWa7 .00 -67.5C
MW4 8 .00 -101.60
HMW49 .00 ~108.60
W50 .Q0 -115.10
WS .00 -58.80
MWS2 .80 ~89,00
HR53 .00 -68.10
HW54 .00 -102.80
FWS5 .00 ~103.50
MWSE .00 -113.8¢0
HW57T .00 -10%.90
MWE8 .00 -6%.40
MW59 .00 -59.40
MWE0D 00 ~74.60
BIWEL .00 ~102 .80
HWe2 .00 -117.60
MWE3 .00 ~-75.90
LG4 .00 -100.30
MWGE5S .00 ~49., 60
MUWGS .00 -92.60
LWET .00 -70.10
[W68 .00 ~100.30
FH6S .00 ~73,30
HWT O .00 -57.70
MW71 .00 ~-67.50
MW7 2 .00 ~40.70
MW7 3 .00 -50.00
MW7 4 .00 ~-41.80
HMWT5 .00 -89.30
HW7T 6 . GO -40,70
T .00 -36.00
MWT79R LU0 =99, 30
HWE1 .00 -25.00
Proposed .00 .00 -100.00
R-2 .00 .00 -100.00
Set = 0
==ssssssxannesmess=s==  RESULTS FOR THIS SIHULATION FOLLOW s==ssssss—soomme
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Solution was obtalned in 23 trials

Flow Azcuracy = .2055E-02{ < .B00OE-G2)
RV Accuracy = ,CQ00CE+00[ < .100E-021
PIPE NODE NODE FLOW LOSS VELOCITY DENSITY FRICTION AREA
NO. #1 #2 {USFU) (USSP} (FT/S) (#/CF )y FACTCR RATIO
P-1 J-2 J~28 -1933.671 .27 16.25 L0785 .01eg
P-10 J~16 B0 518.723 .01 3.66 .075 L0208
P-100 HWS5 J-92 138,601 .10 T.45 L075 .0232
P-101 J~95 WSS 35.101 .00 i.89 075 L0304
P~102 J-95 HW56 ~113.800 .46 10.33 075 .0236
P-103 HWH7 J-85 -78.699 .04 4,23 .075 L0257
P-104 MWES WG 7 -188.59¢9 .20 10.14 075 .0222
P-105 HMWBS J-100 ~920.161 .08 11.55% L0775 .0184
B-106 J-100 MWES -281.19% .47 15.12 .075 L0210
P-107 J-100 W76 ~-638.962 .03 8.02 .075% L0193
P-108 W74 HW75 -89.300 .19 8.14 L0785 L0244
P-109 J-103 J-88 412.63% .04 5.18 .G75 0207
P-11 Jg-21 J-68 1097.738 .08 13.78 .075 0180
P-110 J-103 J-104 -101.838 .00 1.28 .075 0278
P-111 J-104 W58 ~69.400 .03 6.33 L0756 0255
P-112 J-104 W67 -32.438 .00 .41 .075 . 0385
P-113 HWE7 W68 -140.300 .30 9.15 075 D240
P-114 MWs7 HW69 137.962 .01 1.73 075 0256
P-115 J-~108 HW70 -57.700 .01 5.286 075 L0264
P-116 J-108 J-111 265,962 .0z 3.28 075 L0223
P-117 J-111 HW71 -67.500 .05 6.14 075 L0256
P-118 J-111 J-115 338.462 .02 4.22 075 0214
P-119 HMW72 W73 -90.000 .19 8.21 075 0244
P-12 J-laPropoesed 3582.106 .16 25.29 075 0159
P~120 MW69 J-108 211.262 .01 2.E5 075 0234
p-121 J-115 W7 2 -130.700 .08 11.92 075 0231
P-122 J-115 J-117 4657.162 .04 5.86 075 0203
P-123 J-117 W7 4 ~131.100 .15 11.96 075 0231
P-124 HW76 J-117 -598.262 .07 7.51 075 0195
P-125 W53 J-84 -1365.061 .17 17,13 075 0176
P-126 J-18 HW2E -111.800 .08 10,20 075 0236
P-127 MWD 8 J-24 6.603 .00 .36 L0775 L0341
P~-128 W02 HWOTR1 -41.000 .02 2.21 075 (0295
P-129 HMWOTR1 M8 1 «25_000¢ .00 1.34 075 0333
P-13 FIWO1 J-1 B06.523 .03 5.69 075 0191
P~130 J-3 FIWO9R -20.000 .06 8.21 075 0244
P-131 J-3 HW19 -131.800 .06 7.09 075 0234
P-132 J-5 HW77 -36.000 .01 3.28 ) 5290
P-134 MW1G J-5 ~-36.000 .01 1.%4 075 5304
P-135 HWZ0RR J-23 ~93.397 .09 5.02 075 0248
PIPE NODE NGDE FLOW LOSS VELCCITY DENSITY FRICTICON AREA
NO. #1 #2 (USEU} {USPU) {(FT/8) {$/CF y FACTOR RATIO
P-137 J-6 HMW1TR -221.800 1.22 20.23 L0775 L0217
P-14 MIWL3 MW7 9R ~2%9,.997 .64 16.14 .075 L0209
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p-147 J-6 MW11IRR -20.298 e .09 L0735 .0349

P-15 W7 9R HMWZ20RR -200.697 .21 10.79 078 L0219
P-16 J-16 MW18 ~365.597 .22 19,68 .075 .0204
p-17 J-16 J~17 -153.12¢6 .00 1.92 .075 L0251
P-18 J-17 MW21 -204.400 1.18 18.64 .075 L0219
P-19 J-17 J-19 51.274 .00 . 64 .075 L0329
P-2 J-2 W04 -78.000 .0L 4.290 075 0257
p-20 J-19 HMW38 -56.500 .0l 5.15 075 0265
p-21 J-19 J-21 107.774 .00 1.35 075 06272
p-22 HW21 22 ~106.100 .24 9.68 075 0238
P-23 J-23 W08 -71.397 .01 3.84 075 0260
P-24 MW14R J-23 22.000 L01 2.01 075 0324
F-25 J-24 J-33 -1725.068 .19 14.49 075 0171
P-26 J-24 J~26 1731.671 .18 14.55 075 0171
P-27 J~26 WG 6 -162.000 .02 8.71 075 0227
P28 J-26 J-28 1893.671 .26 15,91 075 0170
p-29 J-28 HROS -40.000 .01 3.65 075 Nz83
P-3 J-7 J--4 -2038.670 .31 17.13 075 0168
P-30 HW17R MW13R =120.200 .46 10.986 075 0234
P-31 J-1 R-2 2983.194 .27 25.06 075 Di62
P-33 MWD 6 MW10R -89.000 .u6 5.32 075 0246
P-34 J-33 HW15 -44.000 .01 4.01 075 0278
p-35 J-33 J-36 ~1681.068 .12 11.87 075 0172
P-36 MW16 J-6 -242.098 .09 13.02 .075 0214
P-37 J-36 MW16 ~288.0098 .30 15.50 .075 0210
P-38 J-35 J-37 -1392.970 .40 17.49 .075 0175
pP-39 J-37 J-44 -1566.331 .45 19,686 L0075 0173
P-4 J-4 HWO3R -27.000 .00 1.45 .075 0326
P-40 J-37 HW11RR 173,361 .01 4.27 L0753 D232
P-41 FW11RR MNi 2 219.953 .05 5.42 075 0223
p-42 W24 W25 -113.100 .45 18.31 075 0236
P-43 W23 W24 -214.700 1.22 19.58 075 0218
pP-44 MWl2 J-18 322.163 .c8 7.93 075 0209
P-45 J-44 W23 -278.100 .21 25.3¢6 075 0212
P-46 J~44 J-48 ~1288.231 .30 le0.17 075 G177
p-47 J-45 J=-50 -1110.831 .14 13.94 075 61890
P-48 J-45 MW27 -102.200 .26 9.32 075 0239
P-4¢% J-48 J-45 -1213.031 211 12.23 075 0178
B-5 J-4 J-2 -2011.8671 .16 16,30 075 0163
P-50 J-48 HMW246 -75.200 .02 6.86 075 0251
pP-51 J-50 HMW39 -74,6400 .02 .80 075 0252
p-52 J=-50 J-91 -1036.231 .19 13.01 075 0181
P-53 J-51 MW50 -115.100 .23 10.50 L075 L0235
P-54 J-51 J-54 161,208 .08 8.67 L0775 .0227
P-55 J-54 J-57 388.708 .40 20.91 .075 L0203
P-56 J-54 W49 -227.5006 .89 20.75 .075 .0z21e
P-57 FW4 9 MiWde -118.500 .43 10.84 L0775 L0234
PIPE NODE NODE FLOW LOSS VELOCITY DENSITY FRICTION AREA
NG, #1 #2 {USFU) (USPU} {FT/S) (#/CF ) FACTOR RATIO
P-58 J-57 W48 -101.600 04 9.27 075 0z40
P~59 J-5 FWE3 490,308 1.51 26.37 075 0199
P56 J-7 MWOZ ~-138.000 .05 7,42 .075 L0232
P~-60 HWE3 J-61 558.408 .07 19.34 .075 L0194
P-61 W40 J-77 -48%.892 .59 26.35 075 L0199
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MWE3
J-64
MWs2
HW51
J-67
MW30
MWZ29
J~la
J-683
MW32
[MW33
J-T74
MW36
J-T70
MW34
W35
MW31
MW37

J-3
MW35S
J-51
J-80
W41
M4 2
MH45
MW4 3
M4 4
MWe2
MWel

J=7
WG
J-87
Mo 4
HMIWG5H
HWAT
J-91
LW40
J-103
HW59
W54

R-2

-1440.261
1299, 369
-99.000
~157.800
2157.16%
-209.500
-267.200
2424.388
~1157.738
-60.0060
-989.963
-662.163
-228.200
~-890.363
-109.300
-552.863
-109.900
-118.900
~221.800C
433.963
46,108
-275.892
-214.000
-111.200
-65.092
-210.800
-111.200
-117.800
-220.400
~2176.67C
-1144.661
-1070.0061
-100.300
-969.761
-67.500
480.139
~556.092
310.801
241,401
-102.800
-3582.10¢
-2983.194

.42
LG5
.27
.08
.77
.14
.47
.69
.08
.03
.89
.08
.06
.25
.19
.31
.38
.43
.00
.20
.03
.04
.84
.35
.05
L1l
.39
.40
.03
01
12
.18
.24
.09
.04
.04
.26
.22
.20
.25
.00
.00

18.08
25.10
9.63
14.39
27.08
19.11
24.37
30.43
14.52
5.47
24.37
16.30
20.81
21.92
9.97
12,861
10.02
10.384
1.8¢6
1G.68
2.48
14.84
15.52
10.14
3.50
19,22
10,3
10.73
20,10
18.29
14.37
13.43
9.15
12.17
5.16
6.03
29.81
16.72
12.98
9.38
.01
.01

L0715
L0795
.075
.075
.075
075
L0775
075
075
075
.075
.075
.075
075
.075
.075
.075
L075
.075
.075
.075
.075
.075
075
.075
.075
075
075
L0775
.075
.075
.C75
.075
075
075
.075
075
L0775
L0075
075
L0785
.075

L0175
L0169
.0241
.0226
.0168
.0218
L0213
L0167
L0179
L0262
.0183
L0190
.0z216
L0185
L0237
L3194
L0237
L0234
L0241
L0201
.D288
L0211
L0218
L0236
L0266
L0218
.02386
L0235
L0217
L0167
.017%
L0180
.0240
L0183
L0256
0202
.0196
L0208
L0214
L0239
.0315
L0331

PRESSURE

P-62 J-61
P-63 J-61
P-64 FWE1
P55 J-64
P-65 J-64
P-67 W29
P-68 J-67
pP-69 J-67
p-7 J-la
P-71 J-58
p-72 J-21
P-73 J-10
P-74 J~70
P~T75 MW33
pP-76 J-74
P-77 J-74
p-178 W30
P-79 HMW36
P-8 EHWG1
P-80 J-18
P~81 MW45S
p-82 J-77
P-83 J-77
P-54 M4l
P-85% J~80
P-86 J-80
p-87 W43
P-88 FWe1
P-89 J-84
P-g J=1
P-90 J-84
P-91 MWG0
P-92 J-87
pP-93 J-87
P-94 J-AE
P-95 J-88
P-96 J-91
P-97 HWS 9
P-98 J-92
P-99 J-92
Froposed Proposed Proposed
R-2 R~2
JUNCTION
NAME
J-1
J-100
J-103
J~104
J-108
J-111
J-11%
J-117

DEHAND

PRESSURE

{USPU}

-9,
-96.
-96.
-96.
~96.
-96.
-96.
-96.

PRESSU

RE
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.GO
.00
.00
00
.00
.00
.00
.00
.00
. G0
-00
.00
.00
.00
.00
.00

PRESSURE

DEMAND

PRESSURE

PRESSURE

HMWO3R
MW 4
MWO5
MWOE

HMWOTR]1
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W08 ~78.00 -9% .50 11.14 -3.56 .075
MWO SR -%0.00 -99.€3 11.1¢ -3.60 L0775
MW10R -99.00 -98.61 11.14 -3.5% .075

MWLILIRR -66. 30 -§7.80 11.17 -3.53 .075

MWlz -102.2¢ ~87.85 11.16 ~3.53 .075
HMW13R -120.20 -%6,12 11.23 -3.47 075
FW14R -22.00 -98.50 11,14 ~3.586 075

MW15 ~44 .00 -98.30 11.15 -3.55 075

MW16 -46.00 ~97.89 11.16 ~3.53 L0775
MW17R -101.66C -96.58 11.21 ~3.49 075

MW18 -65.60 ~899.4¢ 11.11 -3.5% L0758

HWlS -95.,80 -92.63 11.1% -3.60 075

HW20RR -107.38 ~38.61 11.34 ~3.56 075

W21 -98.30 ~98.492 11.14 -3.56 075

MWZ22 -106.10 -98.26 11.15 -3.55 Q75

1MW23 -63.40 ~97.12 11.19 -3.51 L0775

MWZ24 ~101.60 -95,80 11.23 -3.46 L0775

MWZ5 ~113,10 -95.45 11.25 ~3.45 L0753

W26 -75.20 ~97.02 11.19 ~3.50 LT3

W27 -102.20 -96.66 11.21 ~-3.49 075

MW28 -111.30 ~27.86 i1.1¢6 -3.53 .075

MW29 -57.70 -98. 08 11.12 -3.5¢ 075

MW 30 -99, 50 -97.54 11.17 -3.52 075

FW31 -109.30 -97.17 11.1¢9 -3.51 075

W32 ~60,00 -98.,73 11.10 ~3.60 .075

W33 -99.60 -98.79 11.13 ~3.57 .075

W34 -109.30 -98.26 11.15 -3.55 075

W35 ~118.%0 -58.14 11.15 ~-3.54 075

MW36 -109.30 ~97.48 11.18 -3.52 L0795

MW37 -118.980 -97.06 11.19 ~3.50 L0758

MW38 -56,50 -99.67 11.16 -3.60 075

MW39 ~74.60 -96.76 11.2¢ ~3.49 075

HW40 -66.20 -96.33 11.22 -3.48 L0075

W41 -102.80 -94,89 i1.27 -3.43 075

W42 ~111.20 ~94.54 11.28 ~-3.41 075

MW43 -89.60 -94.58 11.28 ~3.41 075

W4 4 -1311.20 ~94.,20 11.3C -3.40 L0735

W45 -111.20 -35,65 11.24 -3.45 .075

MWae -118.90 -94,33 11.29 ~3.41 .075

W47 -67.50 -96.51 11.21 ~3.48 075

MW48 -101.¢0 -96.11 11.23 -3.47 075

HWL9 ~-108.60 ~-94.7¢6 11.28 -3.42 .075

HMWS0 -1315.10 -95.45 11.25 -3.45 .075

MWS1 -58.80 -93.31 11.15 -3.55 075

W52 -9%.00 -98.04 11.16 -3.54 075

JUNCTION NODE DEMAND PRESSURE PRESSURE PRESSURE DENSITY
NAME TITLE (USEU) (USPU} (PSIAR) (PSIG) #/CF

MWS3 ~68.10 -97.65 11.17 ~3.53 075

MW54 -102.80 ~-95.84 11.24 -3.46 075

MW35 -103.50 -95.9%5 11.23 ~3.47 G675

MW55 ~-113.80 -95.53 11.25 ~3.45 075

MWET -108.90 ~96.03 11.23 -3.47 075

MW58 -69.40 -96.48 11.21% ~3.48 075

W59 -69. 40 -96.29 11.22 ~3.48 075
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MWe0 -74.60 =97.02 11.19 ~3.50

HHE1 ~-102.80 -86.12 11.23 -3.47
MWe2 -117.60 -55.,72 11.24 -3.4%6
MW63 -75.,90 -87.32 11.18 ~3.51
64 ~100.30 -96.62 11.21 -3.49
HWE5 -49.60 ~96.,78 11.20 -3.49
MW56 -92.60 ~96.23 11.22 ~3.47
W7 -70.10 ~896G.51 11.21 -3.48
W68 ~100.3 -36.21 11.22 -3.47
HWEY -73.30 -96.501 11.21 -3.48
MWT0 -57.7 -96.52 i1.21 -3.48
MWT1 ~67.50 ~96.49 11.21 ~-3.48
MW7 2 -40.70 -36.48 11.21 -3.48
FIW7 3 -90.00 -96.29 11.22 ~3.48
MW7 4 -41.80 -96.4% 11.21 -3.48
MW75 ~-89.30 -96.27 11.22 ~3.48
MW7 6 ~40.70 ~96.67 11.21 -3.4¢9
JUNCTION NODE DEBAND PRESSURE PRESSURE PRESSURE
NAME TITLE (USFU) (USPU) {PSIA} {(PSIG)
MW7 7 -36.00 -99.61 11.1¢ -3.860
HW79R -99.30 ~98.82 11,13 -3.57
MWE1 ~25.00 -99.64 11.10 -3.8
Proposed F .00 ~-100.00 11.08 ~3.61
R-2 .00 -100.00 11.09 ~3.61

* This designates the use of default density in a low pressure region
THE NET SYSTEN DEMAND (USFU) = -6565.299

SUMMARY OF INFLOWS (+) .AND.CUTFLOWS (-}

NAHE FLOW (USF) FPN TITLE
Proposed -3582.1 Proposed Fla
R-2 ~-2983.1 R-2

SUHMARY OF MINIMUM.AND.MAXIMUM VELOCITIES (FT/3)

MINIFUM MAXIHUM
R-2 .0 P-69 30.43
Proposed .01 P-95 29.91
p-127 .36 P-66 27.08
P~112 .41 P-59 26.37
P-19 .64 P-61 26.35

SUMMARY OF MINTMUM.AND.MAXTHMUMN LOSS/1000. (PST )

L0075
L075
L0715
L0775
.075
075
075
075
.075
L0785
L0775
.075
075
.075
L0798
.075
.075

DENSITY
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Preoposed
P-112
P-127
P-19

.00
.00
.00
.00

.22
.21
.18
.18

PRESSURES (USPD)

HMINIKUM
Proposed-100.00
J-1la -99.84
J-58 ~99.77
MY32 -99.73
J-1 -89.73

LR o O S A I R e oy

DATE FOR THIS COHPUTER RUN

END OF KYGAS SIMULATION

START TIME FOR THIS COMPUTER RUN

9-18-20114
15:15:14:66

Kk kdkkk ok ok kdh vk ko k ek ow bRk Kk
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FIGURE 1: PIPE LABELING
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FIGURE 2: PIPE SIZING
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FIGURE 3: PRESSURE AND FLOW RESULTS
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Cortomwvood Hills RDF
Landfili Gas Management System
Revised Collection and Control System Design Plan

GAS MOVER EQUIPMENT SIZING

INTRODUCTION

Per 40 CFR 60.752(b)(2)(1i)(A)(1), the active gas extraction system must be designed to handle the
maximum expected gas flow rate from the entire area of the landfill that warrants control, over the
intended use period of the gas control system equipment. 40 CFR 60.752(b)(2)(ii)(A)(3) requires
that gas be collected at a sufficient extraction rate.

Since the blower is responsible for providing the vacuum that actually extracts the gas from the well
field and moves it through the system, the sizing of the blower is crucial to demonstrating
compliance with NSPS requirements. General design criteria and the method for determining the
required blower size are discussed in the following section.

GENERAL DESIGN CRITERIA

Flow Volumes:

The blower must provide a uniform source of vacuum over a wide range of flow rates, since gas flow
volumes will vary over the life of the gas extraction system. Minimum system flows are those
expected when only the initial phases of the system have been installed. Maximum flows will occur
after the entire gas system is in place.

Pressure Requirements:

The blower must be capable of supplying sufficient negative pressure to overcome pressure drops
and resistance through piping and equipment at the calculated maximum gas flow rate, as well as
supplying sufficient positive pressure for delivery of the collected gas to the flare for combustion.

Desipn Methodologies:

Flow Volumes: The Cottonwood Hills RDF will ultimately require gas mover equipment capable of
handling 6,522 cfm landfill gas. This may be accomplished using a series of different size blowers
over the life of the facility, since the gas collection system will be installed in phases.

Pressure Losses in Gas System: A discussion of the equation used for calculating pressure losses in
the header piping was provided in the discussion on header pipe sizing (KyGAS Analysis). In order
to calculate the maximum pressure drop in the system, Py, the designer must assume a pressure drop
across the system due to elbows, tees, and other fittings in the gas system as well as frictional losses
from flow in the pipe itself. These losses can range from 15" water column (w.c.) to 45" w.c.
depending on the size of the gas collection system. A loss of 38" w.c. is assumed for the future gas
collection systems at the Cottonwood Hills RDF.

Applied Well Vacuums: For design purposes, it is assumed that a minimum of 10" water column
vacuum, Pw, should be available at the gas wells in order to provide sufficient vacuum for gas

1-23 September 2014
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Cortonwood Hills RDF
Landfill Gas Management System
Revised Collection and Control System Design Plan

extraction. This is consistent with measured vacuums observed by Waste Management during
routine gas system monitoring.

Pressure Loss Through Flare: A pressure loss, Py, on the positive side of the gas mover equipments
is created by the discharge piping, the flame arrester, orifice plate and the flare itself. The designer
typically assumes a maximum drop of 12" w.c. through these components, based on information
supplied by flare manufacturers.

Required Vacuum: Based on these pressure losses for the gas management system, the gas mover
equipment must ultimately be capable of providing the following vacuum:

Protat = Py + Py + Pg

= 38” + 10" + 12“
= 60" w.c. total static pressure.

The existing blower at Cottonwood Hills is a 30” Aerovent fan style blower. It is rated at 3000
SCEM at 50 inches w.c. vacuum and has variable frequency drive (VFD) controls. This is
sufficient to meet the current needs of the site. Ultimately, gas mover equipment will be selected
that can accommodate the total maximum flow of 6,522 cfm while providing static pressures of
60" w.c. The blower size and type utilized may change as needed to accommodate the flows and
conditions encountered.
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CONTROL DEVICE SIZING
INTRODUCTION

The last requirement in designing a gas collection system is to size and select a control device
meeting the requirements of 40 CIFR 60.752(b)(2)(iii). The control device must be capable of
combusting a wide range of flow volumes.

The Cottonwood Hills RDF operates a utility (open) flare as a control device for the landfill gas. This
type of combustion unit meets the control device requirements of the NSPS.

GENERAL DESIGN CRITERIA

40 CFR 60.752(b)(2)(iii)(A) requires that open flares used for control be designed and operated in
accordance with 40 CFR 60.18. This includes no visible emissions, and criteria for minimum
heating value of the fuel being burned, and exit velocity restrictions.

CONTROL DEVICE SIZING

The current gas system flow measurements at Cottonwood Hills RDF range from 1,200 — 1,500 cfm.
The maximum expected gas generation rate is 6,522 cfin. The facility utilizes an open flare as a
control device which was authorized for construction via Construction Permit No. 061 00038, issued
by IEPA on January 10, 2007. A revised Construction Permit No. 06100058 was issued by IEPA on
February 27, 2013. The existing flare at the facility can combust gas volumes of up to 3,000 cfm.
Based on the current reported flow volumes, the existing control device is sufficient to meet the
NSPS control device requirements.

The facility will periodically evaluate the existing gas control capabilities prior to each expansion of
the gas collection system to insure that adequate combustion capacity exists for the expected increase
in collected gas volumes. All existing and future control devices installed will meet the NSPS
requirements for monitoring and performance testing, depending on the type of control device
selected.
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APPROVED ALTERNATIVE PROCEDURES

Per 40 CFR 60.752(b)(2)(1)(B), the design plan shall include proposed alternative procedures to the
prescriptive monitoring, record keeping and reporting requirements outlined in the NSPS. This
section addresses exemptions/alternatives proposed in this submittal. Each of these procedures has
already been approved by USEPA at other facilities and the Applicability Determination Index (ADI)
Control Number has been provided for reference.

Operational Standard

Section 60.753(a)(1): “Operate the collection system such that gas is collected from each area, cell,
or group of cells in the landfill in which solid waste has been in place for:

1. 5 years or more if active

2. 2 years or more if closed or at final grade

Permanent vertical wells will only be installed once final grades are reached and the site has been
active for S years or more or closed or at final grade for 2 years or more. For cells that have been
active for 5 years or more and are not yet to final grades, temporary gas extraction wells, horizontal
collection trenches and/or the leachate collection system will be used for gas extraction until the
wells can be installed (i.e. final grades have been reached). This alternative was approved by
USEPA Region 7 for an NSPS landfill in fowa on February 19, 2004.

If the gas collection system is expanded into areas of the landfill that do not yet meet the above age
criteria (for example, for odor control purposes), these wells would not be subject to the monthly
monitoring requirements of the NSPS. This is due to the fact that from a waste age standpoint, the
area of the landfill where these wells have been placed is not yet subject to control. This was
approved by USEPA Region 4 on May 31, 2007 for an NSPS landfill in Tennessee.

Monitoring

§60.756(f): Any closed land(fill that has no monitored exceedances of the operational standard in
three consecutive quarterly monitoring periods may skip to annual monitoring.

Cottonwood Hills RDF will reduce the surface monitoring frequency in certified closed areas of the
landfill to an annual basis, once three clean consecutive quarters have been demonstrated in this
closed area. The frequency will return to quarterly if a surface emissions exceedance of 500 ppm or
more is detected, until such time as the site can demonstrate three consecutive quarters with no
exceedances. This alternative monitoring schedule was approved by Region 4 USEPA on July 12,
2004 for an NSPS landfill in Georgia (Applicability Determination Index Control No. 0500087).

No other alternatives to the operational standards, test methods, procedures, compliance measures,
monitoring, record keeping, or reporting provisions of §60.753 through §60.758 of the NSPS are
proposed at this time.
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40 CFR 60.753(d): “..A surface monitoring design plan shall be developed that includes a
topographical map and the rationale for any site specific deviations from the 30 meter intervals.
Areas with steep slopes or other dangerous areas may be excluded from surface testing.

The facility proposes to exclude dangerous areas such as roads, the active area, truck traffic areas,
construction areas, areas with snow or ice cover, and slopes steeper than or equal to 4:1 from surface
testing. The actual monitoring route followed for each quarter. including areas excluded and reasons
for exclusion, shall be included with each surface scan report.

This alternative request has been approved previously by the Region V USEPA, and the states of
lilinois, Kentucky and Michigan.
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INTRODUCTION

40 CFR 60.755(c) requires the landfill gas collection system be operated so that the methane
concentration is less than 500 ppm above background at the surface of the landfill. In addition, those
areas that indicate elevated concentrations of LFG by visual observation (i.e., cracks or seeps in the
landfill’s cover and distressed vegetation) must also be monitored. This Surface Monitoring Design
Plan specifies the monitoring procedures that will be used to meet the NSPS requirement. This plan
includes topographical maps with the monitoring routes and specifies the monitoring procedures that
will be followed. Any deviations from the surface monitoring requirements as stated in the NSPS
are contained in this plan.

Areas Monitored

The NSPS requires monitoring along the entire perimeter of the collection area and along a
serpentine pattern spaced 30 meters apart for each collection area on a quarterly basis.

The attached map shows the surface monitoring route proposed for the facility. Areas which may be
excluded during a particular quarter, depending on field conditions at the time of the surface scan,
include the following:

» Active areas of the site. Active areas are those areas which only have daily cover, and are
being filled with waste. Active areas of the landfill have a larger volume of equipment traffic
which poses an unacceptable health and safety risk to an individual in the area,

* Areas of the landfill with slopes equal to or greater than 4:1 (horizontal to vertical). These
slopes present a safety hazard to the monitoring technician traversing them.

e Areas of the site with snow or ice cover. Snow has the potential to cover uneven surfaces in
the landfill cover (such as ruts) which could cause the technician to twist or break a leg. Tey
slopes are difficult and dangerous to traverse.

® Areas of the site that are undergoing construction or final cover activities. These areas also
have a large volume of equipment traffic, which poses a health and safety risk to the
technician performing the scan.

Any areas which are excluded will be documented on the route map generated for that quarter’s scan.,

Monitoring Frequency

Surface monitoring will normally occur on a quarterly basis in the active areas subject to NSPS
controls. Per ADI Control No. 0500087, monitoring in areas which have been certified closed may
occur on an annual basis once three clean quarters have been demonstrated.

Monitoring will be rescheduled if it cannot be conducted because temperature conditions are outside
the operating range of the instrument and/or other conditions (snow cover, rain storms, etc.) prevent
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monitoring. The monitoring event will be rescheduled as soon as practical after the original
scheduled date,

Surface Monitoring Instrument

The monitoring will be conducted with an organic vapor analyzer, flame ionization detector, or other
portable monitor meeting the specifications in 40 CFR 60.755(d):

“The portable analyzer shall meet the instrument specifications provided in section 3 of
Method 21 of Appendix A of 40 CFR Part 60 (Method 21), except that "methane" shall
replace all references to VOC.”

To meet the performance evaluation requirements of Method 21, the instrument evaluation
procedures of Method 21 shall be used. The performance evaluation results will be documented in

an instrument logbook or on a form similar to the one shown in Table A-1.

Surface Monitoring Survey

Immediately before commencing a surface monttoring survey, the instrument shali be calibrated per
section 4.2 of Method 21. The calibration gas shall be methane, diluted to a nominal concentration
of 500 parts per million in air. Calibrations will be documented in an instrument loghook or on a
form similar to the one shown in Table A-2.

The background concentration at the facility will be determined immediately prior to conducting the
survey. The background concentration shall be determined by moving the probe inlet upwind
outside the boundary of the landfill at least 30 meters from the perimeter wells. The background
concentration, measurement location, and basic meteorological conditions will be recorded on Table
2. Other factors that can affect “background” should be noted and accounted for (such as a nearby
landfill, highway, refinery, chemical plant, etc.).

Surface emission monitoring shall be performed in accordance with section 4.3.1 of Method 21,
except that the probe inlet shall be placed within 5 to 10 centimeters (2 to 4 inches) of the ground
surface and the probe will be moved continuously along the ground surface. Monitoring will not be
performed during extreme meteorological conditions,

Surface monitoring will be conducted around the perimeter of the collection area and the route
shown on the topographic map. Areas where visual observations indicate potential elevated
concentrations of landfill gas, such as distressed vegetation and cracks or seeps in the cover, will be
monitored.

For purposes of monitoring a crack, erosion or similar feature, “ground surface” in such cases is
defined by the surface projected between the edges of said feature. Monitoring will be performed
with the probe inlet at the appropriate height above this projected surface. In no case will monitoring
be performed by inserting the probe inlet into the feature.
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Any reading of 500 parts per million or more above background at any location shall be recorded as a
monitored exceedance and the following actions shall be taken:

1 The location of each monitored exceedance shall be marked and the location recorded.
Table A-3 is a typical form for documenting monitoring exceedances. Other forms for
tracking exceedances may be utilized.

ii. Cover maintenance or adjustments to the vacuum of the adjacent wells to increase the
gas collection in the vicinity of each exceedance shall be made and the location shall be
re-monitored within 10 calendar days of detecting the exceedance.

iil. If the re-monitoring of the location shows a second exceedance, additional corrective
action shall be taken and the location shall be monitored again within 10 days of the
second exceedance. If the re-monitoring shows a third exceedance for the same
location, the action specified in paragraph (v) below shall be taken, and no further
monitoring of that location is required until the action specified in paragraph (v) has
been taken.

iv. Any location that initially showed an exceedance but has a methane concentration less
than 500 ppm methane above background at the 10-day re-monitoring specified in
paragraph (c)(4) (ii) or (iii) of this section shall be re-monitored 1 month from the
initial exceedance. If the 1-month remonitoring shows a concentration less than
500 parts per million above background, no further monitoring of that location is
required until the next quarterly monitoring period. If the I-month remonitoring shows
an exceedance, the actions specified in paragraph (iii) or (v) shall be taken.

V. For any location where monitored methane concentration equals or exceeds 500 parts
per million above background three consecutive times within a quarterly period, a new
well or other collection device shall be installed within 120 calendar days of the initial
exceedance. An alternative remedy to the exceedance, such as upgrading the blower,
header pipes or control device, and a corresponding timeline for installation may be
submitted to the Administrator for approval.

Reduced Monitoring Frequency for Closed Landfills

Any closed landfill that has no monitored exceedances of the 500 ppm limit above background in
three consecutive quarterly monitoring periods may skip to annual monitoring. Any methane reading
of 500 ppm or more above background detected during the annual monitoring returns the frequency
to quarterly monitoring. Per ADI Control No. 0500087, monitoring in areas which have been
certified closed may occur on an annual basis once three clean quarters have been demonstrated.

Cover Integrity Monitoring

40 CFR 60.755(b)(5) requires a program to monitor for cover integrity and implement cover repairs
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as necessary on a monthly basis. During the inspection, facility personnel will conduct a site walk of
the landfill to inspect the cover. The inspector will look for signs of compromised cover integrity
such as stressed vegetation, cracks, and erosion. The inspection will be documented on a form
similar to the one shown in Table A-4 or on the Facility Daily Operating Record (DOR). Areas of
compromised integrity will be noted. The appropriate facility personnel will be notified of the
compromised areas so that corrective actions can be taken.
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